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Description 

CROSS-REFERENC E TO RELATED APPLICATIONS 

5 [0001] This is a Continuation-in-part of U.S. Patent Application Serial No 07/319,212, filed March 6, 1989. 
FIELD OF THE INVENTION 
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[0002] The present invention relates to serine protease mutants of the chymotrypsin superfamiiy that are resistant 
to inhibition by their cognate inhibitors, and genes that encode the same. The present invention also relates to serine 
protease inhibitor mutants that inhibit the serine protease mutants of the present invention, and genes that encode the 
same. The serine protease mutants and serine protease inhibitor mutants are useful as, e.g., pharmacological agents 
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BACKGROUND OF THE INVFNTION 

I. Serine Proteases 



[0003] Serine proteases (E.C. 3.4.21) are the sub-sub class of endopeptidases that use serine as the nucleophile 
in peptide bond cleavage (Barrett. A J., jn: Proteinase Inhibitors Ed. Barrett, A.J. et al. Elsevier, Amsterdam, pages 3- 

20 22 (1986); and Hartley, B.S.,Ann. Rev. Biochem. . 2£45-72 (1960)). 

[0004] Serine proteases are well known in the art and two superfamilies of serine proteases, i.e., the chymotrypsin 
superfamiiy and the Streptpmyces subtil isin superfamiiy, have been observed to date (Barrett, A. J., In: Proteinase Inhih- 
itaES, Ed. Barrett, AJ. et ai, Elsevier, Amsterdam, pages 3-22 (1986); and James, M.N.G., in: Proteolysis and Physio- 
logical Regulation, Ed. Ribbons, D.W. etal, Academic Press, New York, pages 125-142 (1976)) 

25 [0005] Examples of serine proteases of the chymotrypsin superfamiiy include tissue-type plasminogen activator 
(hereinafter "t-PA"), trypsin, trypsin-like protease, chymotrypsin, plasmin, elastase, urokinase (or urinary-type plas- 
minogen activator (hereinafter "u-PA")), acrosin, activated protein C, CI esterase, cathepsin G, chymase and proteases 
of the blood coagulation cascade including kallikrein, thrombin, and Factors Vila, IXa, Xa, Xla and XI la (Barrett A J 
Jn: Proteinase Inhibitors , Ed. Barrett, AJ. et al, Elsevier, Amsterdam, pages 3-22 (1986); Strassburger, W et al FEBS 

so LetL 157:219-223 (1983); Dayhoff, M.O., Atlas of Protein Sequence and Structure. Vol. 5, National Biomedical 
Research Foundation, Silver Spring, Maryland (1972); and Rosenberg, R.D. et al. Hosp. Prao. 21:131-137 (1986)). 
[0006] Some of the serine proteases of the chymotrypsin superfamiiy, including t-PA, plasmin, u-PA and the pro- 
teases of the blood coagulation cascade, are large molecules that contain, in addition to the serine protease catalytic 
domain, other structural domains responsible in part for regulation of their activity (Barrett, AJ., Jn: Proteinase Inhibi- 

35 tors, Ed. Barrett, AJ. et al, Elsevier, Amsterdam, pages 3-22 (1986); Gerard, R.D. et al, MfiL Biol M&L, 3 449-457 
(1986); and Blasi, F. et al, Jn: Human Ltd., pages 377-414 (1986)). 

[0007] The catalytic domains of all of the serine proteases of the chymotrypsin superfamiiy have both sequence 
homology and structural homology. The sequence homology includes the total conservation of: 

40 (i) the characteristic active site residues (e.g., Ser 195 , His 57 and Asp 102 in the case of trypsin); 
(u) the oxyanion hole (e.g., Gly 193 , Asp 194 in the case of trypsin); and 

(iii) the cysteine residues that form disulfide bridges in the structure (Hartley, B.S., Svmp Soc Gen Micro biol 
24:1 52-1 82 ( 1 974)). 1 u 

45 The structural homology includes: 

(i) the common fold that consists of two Greek key structures (Richardson, J., AoV ProL Chem.. 24:167-339 
(1981)); 

(ii) a common disposition of catalytic residues; and 

so (iii) detailed preservation of the structure within the core of the molecule (Stroud, R.M., Scl Anr, 231:24-88 (1 974)). 

[0008] A comparison of the sequences of the members of the chymotrypsin superfamiiy reveals the presence of 
insertions or deletions of amino acids within the catalytic domains (see for example, Figure 1 ). In all cases these inser- 
tions or deletions map to the surface of the folded molecule and thus do not effect the basic structure of the molecule 
55 (Strassburger, W. et al, FEBS Lett . 157:219-223 (1983)). 
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II. Serine Protease Inhibitors 
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[0009] Serine protease inhibitors are well known in the art and are divided into the following families: (i) the bovine 
pancreatic trypsin inhibitor (Kunitz) family, also known as basic protean inhibitor (Ketcham, LK. et al, In: Atlas of Protein 
Sequence and Structure , Ed. Dayhoff, M.O., pages 131-143 (1978) (hereinafter "BPTI"), (ii) the Kazal family (iii) the 
Streptomyces subtHisin inhibitor family (hereinafter "SSI") , (iv) the serpin family, (v) the soybean trypsin inhibitor '(Kunitz) 
family, (vi) the potato inhibitor family, and (vii) the Bowman-Birk family (Laskowski, M. et al, Ann, Rev Biochem 49 593 
626 (1980); Read, R.J. et al, jn: Proteinase inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 
(1986); and Laskowski, M. et al, Cojd Spiing Harbor Symp^ Quant Bipl, LN:545-553 (1987)). 
[0010] Crystallographic data are available for a number of intact inhibitors including members of the BPTI Kazal 
SSI, soybean trypsin and potato inhibitor families, and for a cleaved form of the serpin alpha-1 -antitrypsin (Read R j' 
et al, jn: Proteinase Inhibitors , Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 (1 986)). Despite the fact that 
these serine protease inhibitors are proteins of diverse size and sequence, the intact inhibitors studied to date all have 
in common a characteristic loop extending from the surface of the molecule that contains the recognition sequence for 
the active site of the cognate serine protease (Levin, E.G. et al, Prpc, NatK Acad . Sci. USA . 80:6804-6808 (1 983)) The 
structural similarity of the loops in the different serine protease inhibitors is remarkable (Papamokos, E. et al J. Mol. 
MifiL 153:515-537 (1982)). Outside of the active site Loop, the serine protease inhibitors of different families are gen- 
erally unrelated structurally, although the Kazal family and Streotomvces subtilisin family of inhibitors display some 
structural and sequence similarity. 

[0011] Many of the serine protease inhibitors have a broad specificity and are able to inhibit both the chymotrypsin 
superfam.ly of proteases, including the blood coagulation serine proteases, and the Streotomvces subtilisin superfamily 
of serine proteases (Laskoweki, M. et al, Ann, Rev, Bjochgrn^ 42:593-626 (1980)). The specificity of each inhibitor is 
thought to be determined Primarily by the identity of the amino acid that is immediately amino-terminal to the site of 
potential cleavage of the inhibitor by the serine protease. This amino acid, known as the P-, site residue is thought to 
form an acyl bond with the serine in the active site of the serine protease (Laskowski, H. et al, Ann Rev Biochem 
49:593-626(1980)). — piuunem. , 
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A. The BPTI Family 

[0012] Serine protease inhibitors belonging to the BPTI family include BPTI, snake venom inhibitor, inter-alpha 
inhibitor, and the A4 amyloid precursor A4695 (Laskowski, M. et al, Aqtl Rev Biochem.. 42:593-626 (1 980) ■ Read R J 
et al, In: Proteinase Inhibitors , Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 (1986); and Ponte P. et al 
Nature, 331:525-527 (1 988)). Examples of serine proteases and their cognate BPTI family inhibitors are listed in Table 
I below. 
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Table 



Serine Protease 


Cognate BPTI Inhibitor 


Trypsin 
(Unknown) 


BPTI 

Snake venom inhibitor 
Inter-alpha inhibitor 

A4 amyloid precursor A4695 protease nexin II 
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B. The Kazal Fam.lv 

[0013] Serine protease inhibitors belonging to the Kazal family include pancreatic secretory inhibitor, ovomucoid 
and seminal plasma acrosin inhibitor (Laskoweki, M. et al, Ann. Rev. Biochem. . 49:593-626 (1980)* Read R J et al In- 
Proteinase Inhibitors , Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301 -336 (1986); and Laskowski M et al Cold 
SODW Harbor Symfi, Q^L Biol, Lll:545-553 (1987)). Examples of serine proteases and their cognate Kazal family 
inhibitors are listed in Table II below. 
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Table II 
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Serine Protease 


Cognate Kazal Inhibitor 


Trypsin 


Pancreatic secretory inhibitor 




Ovomucoid 




Seminal plasma acrosin inhibitor 


Acrosin 


Ovomucoid 




Seminal plasma acrosin inhibitor 



C. The Streptomvces Subtilisin inhihiw 

[0014] Serine protease inhibitors belonging to the Streptomycre subtilisin inhibitor family include inhibitors obtained 
from S reptpmyces albogngeplus and plasminostreptin (Laskowski. M. et al, £00, BSL Biochem 42 593-626 (1980)) 
Examples of senne proteases and their cognate Streptpmyces subtilisin class inhibitors are listed in Table III below. 

Table III 



Serine Protease 


Cognate SSI Inhibitor 


Subtilisin BPH' 

Plasmin 

Trypsin 


StreDtomvces alboariseolus inhibitor 

Plasminostreptin 

Plasminostreptin 



0. The Semin Family 



55 flnn f SS belonging to the serpin family include the plasminogen activator inhibitors PAI-1 . 

PAI-2 and PAI-3, C1 esterase inhibitor, alpha-2-antiplasmin, contrapsin, alpha-1 -antitrypsin, antithrombin III, protease 
nex in Ulpha-1 -anhchymotrypsin. protein C inhibitor, heparin cefaclor II and growth hormone regulated protein (Carrell 
rioL c £ £ k l SBCiD ? 1 Sm[L ^ 52 : 527-535 (1987); Sommer, J. et al. fiiflchenL, 22:6407-6410 

(1986» i BioLChem. 2§2:61 1-616 (1987); and Stump, D.C. et al, ifiieLChgni. 2£1:1 2759-1 2766 

, 7116 inhibition of serine proteases by serpins has been reviewed in Travis. J. et al, Ann Rev Biochem 

(T987V Ind P l r ): C Tk'k R , W " (19BS * Ett * i^eSKS? 

(1 987), and Proteinase Inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam (1 986). — 

[001 71 Examples of serine proteases and their cognate serpin inhibitors are listed in Table IV below. 



Table IV 
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Serine protease 


Cognate Serpin Inhibitor 




Activated protein C 


Protein C inhibitor 






PAI-1 




CI esterase 


C1 esterase inhibitor 


50 


Cathepsin G 


Alpha-1 -antitrypsin 






Alpha-1 -antichymotrypsin 




Chymase 


Alpha-1 -antichymotrypsin 


55 


Chymotrypsin 


Alpha-1 -antichymotrypsin 






Alpha-2-antiplasmin 






Contrapsin 
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Table IV (continued) 
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Serine protease 


Connate Sernin Inhihitnr 

w ^ ' IRIC w Wl 1 | || || lli_lllUI 


Coagulation factors Vila, IXa, Xa, Xla. Xlla) 


Antithromhin III 




v-/ 1 esierase innioitor 


Eiastase 


AlDha-1 -antitrvDsin 


| Kallikrein 


Ol P^tPrfl^P inhihitnr 




/Aipria- 1 -anupiasmin 


Plasmin 


Mipna-^-antipiasmm 


Thrombin 


Antithrombin III 




Heparin cofactor II 


t-PA 


PAI-1 t PAI-2, PAI-3 


Trypsin 


Alpha- 1 -antitrypsin 




Growth hormone 




regulated protein 


Trypsin-like protease 


Protease nexin I 


u-PA 


PAI-1, PAI-2, PAI-3 



25 E The Soybean Trypsin Inhibitor Family 

[0018] A single example of the soybean trypsin inhibitor family, purified from soybeans, has been sequenced Its 
complex with bovine pancreatic trypsin has been studied (Sweet. R.M. et al, Biochem 13:4214-4228 (1974)). 

F. The Potato Inhihitor Family 
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.!! k /d ! n ? r0t8 f 6 ,nhlb,tors belonging to the potato inhibitor family include inhibitors from potatoes, barley and 
leeches (Read, R.J. et al, In: Proteinase Inhibitors , Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 (1986)) 
Examples of serine proteases and their potato inhibitors are listed in Table V below. 



Table V 
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I Serine Protease 


Potato Inhibitor 


Chymotrypsin 
Subtilisin Nova 
Sufrtilisin Carlsberg 


Barley chymotrypsin inhibitor 
Barley chymotrypsin inhibitor 
Leech inhibitor eglin 



45 G. The Bowm an-Birk Inhihitor Family 

[0020] Serine protease inhibitors belonging to the Bowman-Birk inhibitor family include homologous proteins from 

Sr R 6 l ( ' ;■ BieSb£QL ' 4* 593 - 626 < 1 980)). Examples of serine proteases and their Bow- 

man-Birk inhibitors are listed in Table VI below 

50 
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Table VI 



Serine Protease 


Bowman-Birk Inhibitor 


Trypsin 

Eiastase 

Chymotrypsin 


Lima bean inhibitor IV 
Garden bean inhibitor 
Adzuki bean inhibitor II 
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Serine Pr otease-inhibitor Complexes 



[0021 1 ] Serine protease .nh,brtors of all families form stable 1 :1 complexes with their cognate serine proteases 
These complexes dissociate only slowly (hours to days) (Laskoweki. M. et al, Ml Bfi* Biochem 
5 and Lew , EG Prnc NaJL Acad Scr USA. 50:6804-6806 (1983)). For all serine" p^e^itofs Z£ : tne se ] 
pins, the dissociation products are a mixture of the intact and cleaved inhibitor molecules. On the other hind since £. 
soc.at.on of senne protease-serpin comp.exes appears to yield only cleaved inhibitor molecules serpTns^e tnouphUo 
Mze a mechan.sm somewhat distinct from that of the other serine protease inhibitors 9 
[0022] Structural data are available for several serine protease-inhibitor complexes,' including trypsin-BPTI chymo- 

(Read, et al. Jo. EiQtjanasfi loblbltors. Ed. Barrett, A.J. el al. Elsevier. Amsterdam, pages 301-336 (1986)) Exam- 

S12£££Z2X T* rkab,s simi,arities in ,he spscrtic interactions between -* SS£5S'£3- 

nate serine protease, desprte the d.verse sequences of the inhibitors. This structural similarity has suaoested in the 
present .nvent-on that even when crystal structures are not available. H may be possible^ p edic the Sno add inte 
is act.ons occurnng between an inhibitor and its cognate serine protease 

'T 31 •. ^ diScussed tne inhibitors contain a reactive center that serves as a competitive substrate for the 

active site of the senne protease. Attack on the peptide bond between the P^P, residues of The m£S£££ (e o 

TT* e °L PAM) d ° eS ROt ' ead t0 the n0rmal - ra ? id dissociation of the pSSSS.^™ 
M h k- ?u ° thS establishmem of a serine protease-inhibitor complex, probably by formafo of cogent 

Biochem 'SSTS S US"lS ? T ^ P < 5 et aTS 

Ztt S^wT a^ ? ? i )- mechanism In *»es that the reactive center of an inhibitor, such as PAM 

Zh c Sa L PAlT^ " ° 6 aC,iVe Si,S °' S6rine Pr0,6ase - Ho "~* to ** there ara no X-ray crysta Vo- 
graph.c data on PAI-1. its cognate senne protease, t-PA, or the t-PA/PAI-1 complex. Thus the exact nature of the inter 

* sKissrsar * 1 ™~ * « — - ~ - ~ ~ ™ 



IV. Utility of Serine Proteases 



30 



35 



40 



45 



50 



55 



S a ,n r i PartiCU '!l ly imp0r,arl, S9rine Pf ° teaSe 0f the *W**yi*m superfamily is 1-PA. t-PA is currently being used 
l^T™ 1* 0r ^r° US administrati °". to treat myocardial infarction, pulmonary embo.ism and d^p ven<S 

Slti r "2^5 ^"f \ 10 diSSO,Ve taW < b,0od cl °*> Ra ^ "-PA promotes dea'ge o?"e 
pepnae Dond between Ar g560 and Val 561 of plasminogen Robbins, K.C. et al, J. Biol Chem 242 2333-2342 M or™ 

hereby converting the inactive zymogen into the powerful but non-specific pro^S&^SSSSSl 

^ff^^aSS™ ^ fvT- ♦ e L al ' ^ ^ lit 4*77-88 (1984 
SSSn ^7 3 449 " 557 (1986 > ; and Verstraete, H. et al. flcad, £2:1529-1541 (1986)). 

tlfohTK . k ^ ? l0C f fibrino| y sis without necessarily depleting systemic fibrinogen. This is because t-PA has 

matelv ^OO^rIT m° ?' " n f °T 9 3 ^"-^ whose a ™* *» plasminogen islncfeased a^rS 

aT JS S' Th al ' f^^to Acta. 704:461-469 (1982); and Rijken. B.C. at al. J. BiolcST 
257.2920-2925 1982)). Thus, binding of intravenously-administered 1-PA to coronary thrombi where ^mino^n~fe 

SS^^TT*"* (Wman ' a St * (1978)). results in -BdJ^ffiTSST 

mm at the site of the thrombus where it will do the most good 

Imn, 6 L ^ A< Pr6Sen !' ': PA iS adminis,ered in the fcnn of an initial bolus that is followed by sustained infusion The total 
amount of enzyme admmistered during a standard 3 hour treatment is generally about 50-100 mg SuStaSl amount! 

tion h PP h ren t V TE" <0r *"° reaS ° nS: ,irSt ' 10 ~ u "terbalance the effects of ^apid t^L^tS^ii^. 
nigh SE! XT ^ ? i ^2:133-142 (1988)), and second, to overcome The effects 

Z If ? enne Pr ° teaSe ' nh,b,torS ,ha1 are P resent in P' asm a and platelets (Carroll R W et al In Prote,^ 
^ Mars, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 403-420 (1 986)) 

koek H et o-"^' 8 SerP ' a PAM ' 3 O^** °< approximately 50 kd (Panne- 

koek, H et al, EMBQ J. §2539-2544 (1986); Ginsberg, D. et al, ^ CJiaJnvesL, 78:1673-1680 (1980); and Carrell R W 
et a Ja. fiotejnase ir^bitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 403-420 1986 PAH has been 
imp cated as the cause of reduced fibrinolytic capacity of plasma from survivors of myocardial infarct ons Hasten A 

a stSSmvS-^f t 7 " 1563 (1985)) - ' n additi0 "' PAM iS a " aCU<e Pn-e reactant andte I vSd 
TnaT hi y ° k C, ' 0n may att6nUate The **"Wc aotivrty of substantial amounts of The t-PA remain 

mg in the plasma after therapeutic infusion of the t-PA (Lucore C L et al Circ 77-fifin brq /ioa»n tkIvJ ? !! 

108 53 59 a i986^ r h inhiW,i0n * ^ by hUm3n P ' aSma (Colucci, M. et al j. £ CBn 

< 1 ,1 !l' ^ neutra,l2atl0n of «- pA b y PAM in Vjvfi may therefore contribute to coronlrTr^ 
osis after thrombolytic therapy, a complication that affects between 1 0% and 35% of patients treated for acute myocar- 
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dial infarction (Chesebro, J.H. et al. Circ . 76:142-154 (1967)). 

[0028] Although the association constants of other serpins, such as CI esterase inhibitor and alpha-2-antiplasmin 
with t-PA are orders of magnitude lower than that of PAI-1 (Ranby, M. et al, Throm . Res.. 27:1 75-1 83 (1 982)- and Hek- 
man, C. et al, Arch, Biochem. Biophys. , 2£2:199-210 (1988)), these serpins nevertheless bind to infused t-PA (Lucore 
C.L et al, Circ,, 77:660-669 (1988)) and may attenuate the beneficial pharmacological properties of t-PA. 
[0029] Besides t-PA and PAI-1, many other serine protease-serpin pairs are of great medical importance For 
example u-PA, like t-PA, is useful in the treatment of myocardial infarction and is subject to inhibition by the same serine 
protease inhibitors as t-PA. 

[0030] Thrombin, the serine protease used topically to promote blood clotting of wounds, is a procoagulant Its cog- 
nate serpin, antthrombin III, is an anti-coagulant that specifically inhibit a number of serine proteases that participate 
in the blood coagulation cascade, including thrombin and Factors IXa, Xa, Xla and Xlla (Heimburger N et al Jrr Pro- 
ceedings of the International Research Co nference on Proteinase Inhibitors Ed. Fritz, H. et al, Walter de Gruyter New 
York, pages 1-22 (1971); Kurachi, K. et al, Biochem, 15:373-377 (1976); Kurachi, K. et al, Biochem. . 16:5831-5839 
(1977); and Osterud, B. et al. SenuL Thromb . fckfimosL. 25:295-305 (1 976)). Antithrombin III has been used therapeu- 
tically to treat disseminated intravascular coagulation. The activation of protein C by thrombin results in the self-limrta- 
tion of the blood coagulation process because activated protein C inactivates coagulation factors Va and Villa and is 
itself inhibited by its cognate serpin, protein C inhibitor. 

[0031] Kallikrein, which functions to induce uterine contraction, to increase vascular permeability, and to initiate the 
intrinsic pathway of blood coagulation, is subject to inhibition by the serpin alpha- 1 -antitrypsin, one of the more impor- 
20 tant serpins. r 

[0032] Alpha-1 -antitrypsin also inhibits leukocyte elastase and cathepsin, as well as trypsin, chymotrypsin and 
plasmin (Heimburger, N. et al, in: Proceedings of the International Research Conference pn Proteinase Inhibitors Ed 
Fritz, H. et al, Walter de Gruyter, New York, pages 1-47 (1971); Janoff. A., Attl Rev, Rgsjk fiis^, 145:121-127 (1972V 
and Ohlsson, K. et al, Eur J, Biochem. , 36:473-481 (1973)). The genetic deficiency of alpha-1 -antitrypsin is directly 
related to emphysema (Carrell, R.W. et al, Trends Biochem. ScL 10:20-24 (1 985)) and alpha-1 -antitrypsin replacement 
therapy has been used to treat emphysema (Marx, J. L, Science. 243:315-316 (1989)). 

SUMMARY OF TMF IMypNTION 

[0033] Accordingly, an object of the present invention is to improve wild-type serine proteases of the chymotrypsin 
superfamily, and in particular wild-type t-PA. by protein engineering, so as to increase their enzymatic efficiency and/or 
to alter the dosage thereof required without necessarily altering other beneficial pharmacological properties 
[0034] Another object of the present invention is to provide genes encoding the improved serine proteases of the 
chymotrypsin superfamily. 

[0035] Still another object of the present invention is to alter wild-type serine protease inhibitors, particularly those 
of the serpin family, and in particular, wild-type PAI-1 , so as to increase their inhibitory efficiency and/or to alter the dos- 
age thereof required and render them capable of inhibiting the mutant serine proteases of the present invention. 
[0036] Yet another object of the present invention is to provide genes encoding the improved serine protease inhib- 
itors. 

[0037] These and other objects of the present invention, which will be apparent from the detailed description of the 
present .nvention provided hereinafter, have been met by serine protease mutants of the chymotrypsin superfamily 
which are resistant to inhibition by their cognate inhibitors; and genes encoding the same; and by serine protean inhib- 
itor mutants that inhibit The serine protease inhibitor-resistant serine proteases; and genes encoding the same. 

* BRIEF DESC RIPTION Of THE DRAWINGS 
[0038] 
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Figure 1 shows a comparison of the sequences of various serine proteases of the chymotrypsin superfamily The 
sequences are aligned so as to demonstrate overlap of conserved amino acids. The numbers above trypsin refer 
to the numbering system used in the PDB3ptp.ent entry in the Protein Data Bank. The numbers above t-PA refer to 
the amino acids in the mature t-PA molecule. 

Figure 2 shows a comparison of the sequences of various members of the serpin family of serine protease inhibi- 
tors. The sequences are aligned so as to demonstrate overlap of conserved amino acids. The numbers beJow 
alpha-1 -antitrypsin and the numbers above PAI-1 refer to amino acid residues in the mature molecules 
Figure 3 schematically illustrates the construction of the vectors employed to mutate and express the wild-type t- 
PA and the serpin -resistant mutants of t-PA of the present invention. 

Figure 4 shows a comparison of the activities of wild-type t-PA and serpin-resistant mutants of t-PA in an indirect 
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chromogenic assay. In Figure 4, ■ represents wild-type t-PA. o represents t-PA(R 304 ->S), □ represents t-PA(FW 
>E), and • represents t-PA(Del 296 . 302 ). ~" 

Figure 5 shows the effect of PAI-1 on the activities of wild-type t-PA and serpin-resistant mutants of t-PA in an indi- 
rect chromogenjc assay. In Figure 5, ■ represents wild-type t-PA, o represents t-PA(R 304 ->S), □ represents t- 
PA ( R 304'> E ). and • represents t-PA(Del 2g6 . 302 ). 

Figure 6 shows a comparison of the activities of wild-type t-PA and serpin-resistant mutants of t-PA in an indirect 
chromogenic assay. In Figure 6, □ represents t-PA(H 297 ->Y), • represents wild-type t-PA, + represents t-PA(K 296 - 
>E). ■ represents the triple mutant t-PA(K 296 , R 298 , R 299 ->E, E, E), A represents t-PA(R 299 ->E). a represents t- 
PA(R 298 ->E) and o represents t-PA(P 301 ->G). 

Figure 7 shows the effect of PAI-1 on the activities of wild-type t-PA and serpin-resistant mutants of t-PA in an indi- 
rect chromogenic assay. In Figure 7. □ represents t-PA(2 297 ->Y), • represents wild-type t-PA, + represents t- 
PA(K 296 ->E), ■ represents t-PA(K 296 , R 298 , R 299 ->E, E, E), A represents t-PA{R 299 ->E). a represents t-PA(Ro qR - 
>E) and o represents t-PA(P 301 ->G). 

Figure 8 schematically illustrates the construction of the vectors employed to mutagenize and express the wild-type 
PAI-1 and the mutants of PAI-1 of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] As discussed above, the above-described objects of the present invention have been met in one embodi- 
ment by serine protease mutants of the chymotrypsin superfamily that are resistant to inhibition by their cognate inhib- 
itor; and genes encoding the same. 

[0040] In another embodiment of the present invention, the above-described objects have been met by serine pro- 
tease inhibitor mutants that inhibit the serine protease inhibitor-resistant serine proteases of the present invention- and 
genes encoding the same. 

[0041 ] In still another embodiment the serine protean inhibitor mutants of the present invention also inhibit the wild- 
type serine protease of the chymotrypsin superfamily. 

[0042] The particular serine protease of the chymotrypsin superfamily employed in the present invention is not crit- 
ical thereto as all members of this serine protean sub-sub class of endopeptidases are homologous proteins that share 
a common mechanism of action. Specific examples of such serine proteases of the chymotrypsin superfamily include 
those listed above, i.e., t-PA, trypsin, trypsin-like protease, chymotrypsin, plasmin, elastase, u-PA, acrosin, activated 
protein C, C1 esterase, cathepsin G, chymase and proteases of the blood coagulation cascade including kallikrein 
thrombin, and Factors Vila, IXa, Xa, Xla and Xlla. The preferred serine protease of the chymotrypsin superfamily 
employed in the present invention is t-PA. 

[0043] The particular serine protease inhibitor to which the mutant serine protease of the chymotrypsin superfamily 
is resistant to inhibition, is not critical to the present invention. Examples of such inhibitors include members of the BPTI 
fami y, the Kazal family, the SSI family the serpin family the soybean trypsin inhibitor (Kunitz) family, the potato inhibitor 
family, and the Bowman-Birk family. 

[0044] The particular BPTI inhibitor to which the mutant serine protease of the chymotrypsin superfamily is resist- 
ant to inhibition, is not critical to the present invention. Examples of such BPTI inhibitors include BPTI, snake venom 
inhibitor, inter-alpha inhibitor, and the A4 amyloid precursor A4695. 

[0045] The particular Kazal inhibitor to which the mutant serine protease of the chymotrypsin superfamily is resist- 
ant to inhibition, is not critical to the present invention. Examples of such Kazal inhibitors include pancreatic secretory 
inhibitor, ovomucoid and seminal plasma acrosin inhibitor. 

[0046] The particular serpin inhibitor to which the mutant serine protease of the chymotrypsin superfamily is resist- 
ant to inhibition, is not critical to the present invention. Examples of such serpin inhibitors include PAI-1 PAI-2 PAI-3 
CI esterase inhibitor (Clinh), protein C inhibitor (PCinh), heparin cofactor II (HCII), alpha-2-antiplasmin (A2AP) anti- 
thrombin III (ATIII), alpha- 1 -antitrypsin (Al AT), protease nexin I (Nex-1), contrapsin (Cntrps), growth hormone regulated 
protein (GHRP), and alpha- 1 -anti chymotrypsin (AChym). The preferred serpin, to which the serine protease of the chy- 
motrypsin superfamily is resistant to inhibition, is PAI-1 . 

[0047] The particular serine protease inhibitor, from which the mutant serine protease inhibitor capable of inhibiting 
the serine protease inhibitor-resistant serine proteases of the chymotrypsin superfamily of the present invention is 
derived, is not critical to the present invention. Examples of such serine protean inhibitors include members of the BPTI 
Kazal, SSI, Kunitz, potato inhibitors, Bowmam-Birk and serpin families, preferably serine protease inhibitors of the ser- 
pin family such as PAI-1 , PAI-2, PAI-3, C1 esterase inhibitor, protein C inhibitor, heparin cofactor II, alpha-2-antiplasmin 
antithrombin III, alpha- 1 -antitrypsin, protease nexin I, contrapsin, growth hormone regulated protein, and alpha-1 -anti- 
chymotrypsin. The preferred mutant serpin that will inhibit the serine protease inhibitor-resistant serine proteases of the 
chymotrypsin superfamily is PAI-1 . 

[0048] All known serine protean inhibitors are structurally homologous in their reactive center loop and form similar 
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interactions with their cognate serine proteases (Read, R.J. et al. Jn: Proteinase Inhibitors. Ed. Barrett A J et al Else- 
vier, Amsterdam, pages 301-336 (1986)). The structural correspondences between serine proteases and serine pro- 
tease inhibitors can be used to build models of complexes that have not been studied heretofor. 
[0049] Because of the high degree of structural homology between the catalytic domain of t-PA and other serine 
s proteases (Blundell, T. et al. Naium 326:347-352 (1987)), it was postulated in the present invention that the known 
structure of the complex between trypsin and BPTI (Huber, R. etal.sLMol. BigL, 22:73-101 (1974)); and Bode W etal 
to: Proteolysis and Physiological Regulation , Academic Press. New M>rk, pages 43-76 (1 976)) might serve as a model 
or the •nteract.on between t-PA and PAI-1 . Other than the amino acids in the major recognition site, the amino acids of 

,„ X S o,ow I 801 COntaCt Wi ' h BPTI are located in two se P ara1e re 9 ions ° f Polypeptide chain (residues 37-41 
to and 210-213) (see Figure 1). 

[0050] The region around amino acid residues 214 SWGS 21 7 is highly conserved among all members of the chymo- 
fcyps.n superfamily. By contrast, the region around amino acid residues 36 NSGYHF 41 is more variable and forms part 
of the surface that interacts with the inhibitor. As shown in Figure 1 . the amino acid sequence of t-PA in this region differs 
from that of trypsin in two major respects. First, the Tyr (Y 39 ) residue of trypsin has been replaced with an Arg (R 304 ) 
ts residue ,n t-PA Modelling based on the assumption that the interaction between t-PA and PAI-1 mimics that between 
trypsin and BPTI suggests that R 304 of t-PA can form a salt bridge with a Glu (E 3S0 ) residue of PAI-1 . This Glu residue 
in PAI-1 is equ.va ent ,n position to l 19 of BPTI (Table VII below) which forms a van der Waal's contact with Y 39 of trypsin 
(Huber, R. et al J. MoL BioL 89:73-101 (1 974)); and Bode, W. et al. in: Proteolysis and physiological Reoulation . Ac*. 
dem,c Press. New York, pages 43-76 (1 976)). Therefore, E 3S0 of PAI-1 is predicted to form an ion pair with R 304 of t-PA 
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^■Z J - p A carrie s an additional stretch of seven amino acids ( 296 KHRRSPG 302 , see Figure 1) located adjacent to 
predicted contact between t-PA(R 304 ) and PAI-1 (E 350 ). Four out of seven of these amino acids are positively-charged 
while the predicted complementary region of PAI-1( 350 EEIIMD 365 ) contains three negatively-charged residues. It was 
bel.eved in the present invention that electrostatic interactions between these regions may play an important role in the 
formation or stabilization of complexes between t-PA and PAI-1 . By contrast, such interactions could not occur when t- 
(Tee n Tawfvn aSo'ver at6 ' PlaSmin ° 9en (PLG)> Whfch haS n0 naively-charged residues in the equivalent region 
[0051] Comparisons of sequences of various serine proteases of the chymotrypsin superfamily. such as those 
shown in Figure 1 , can be used as a guide to design one or more mutations in the various serine proteases of the chy- 
motrypsin superfamily so as to make them resistant to inhibition by their cognate wild-type inhibitors Like t-PA the other 
serine proteases of the chymotrypsin superfamily shown in Figure 1 differ from trypsin at the important contact residue 
(Y 39 of trypsin) and in containing insertions of variable size located adjacent to the contact residue. Thus, examples of 
candidates lor mutation include: 



0 am.no acid residues that, in other serine proteases, occupy the position equivalent to that of Tyr (Y 39 ) of trypsin 
(the residue that forms a contact with lie (l 19 ) of BPTI and therefore plays an important role in the interaction 
between the two proteins). In plasmin for example, a Met (M) residue occupies the position equivalent to Y 39 of 
ttypsin. Mutation of this Met residue to another amino acid with different properties, such as charge or size (Glu (E) 
for example) is expected to eliminate or reduce the susceptibility of plasmin to inactivation by antiplasmin. although 
he particular substitute amino acid employed is not critical to the present invention. Similarly, mutation of the Gin 
res < ldue 01 thrombm («hat occupies the position equivalent to Y 39 of trypsin) to another amino acid with different 
properties, such as charge or size (for example Asp (D)) is expected to eliminate or reduce the susceptibility of 
hrombin to inacbvation by antithrombin III. although the particular substitute amino acid employed is not critical to 
» the present invention; and 

(ii) residues of other serine proteases of the chymotrypsin superfamily that are not present in trypsin and map near 
the active site as small insertions on the surface of the molecule (see Figure 1). For example plasmin contains an 
insert of 2 ammo acids (RF) adjacent to the contact residue in a position equivalent to that occupied by 
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296 KHRRSPG302 of t-PA. Mutation by deletion or substitution of either or both of these two amino acids or by inser- 
tion of small numbers of additional amino acids is expected to eliminate or reduce the interaction with the inhibitor 
without necessarily affecting the catalytic site of the serine protease. As another example, u-PA contains an insert 

^uo a ^ n D ^ aC,dS (RHRGGS ) ad i acent t0 the co^act residue in a position equivalent to that occupied by 
296KHRRSPG302 of t-PA. Mutation or deletion of these six residues is expected to reduce or eliminate the interac- 
tion with serine protease inhibitors in a manner similar to that observed for the mutant t-PA(De, 296 . 302 ). 

[0052] Similarly, the region of the serine protease inhibitors within the reactive center is quite variable and forms 
part of the surface that interacts with the serine protease. Comparisons of sequences of various serine protease inhib- 
itors of the serpm family, such as those shown in Figure 2, can be used as a guide to design one or more mutations in 
the various serine protease inhibitors, and in particular, in members of the serpin family of serine protease inhibitors so 
as to make them able to efficiently inhibit the serine protease inhibitor-resistant serine proteases of the chymotrypsin 
superfam.ly of the present invention. Like PAM, other serpin family members shown in Figure 2 differ in sequence in 
the important contact amino acid residues (E 350 of PAM) and contain insertions of variable size located adjacent to the 
contact residue (see Table VUI below). 
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(h=human; r=rat; b=baboon; and m=mouse) 



[0053] Thus, examples of candidates for mutation include: 

(i) amino acid residues that, in other serine protease inhibitors, occupy the position (P4 1 ) equivalent to that of 
Qlu(E 350 ) of PAI-1 (the residue that forms a contact with Arg(R 304 ) of t-PA and therefore plays an important role in 
he interaction of the two proteins). In the present invention, the Glu residue of PAI-1 (E 3S0 ) has been mutated to Arg 
(R) in order to restore the electrostatic interaction which was disrupted by construction of the R 304 ->E mutation in 
1-PA. This specrf .c mutation in the serpin has been constructed so as to be complementary to the mutation that was 
introduced .n the serine protease which renders it resistant to inhibition by the wild-type serpin. This complemen- 
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tary E 350 ->R mutation in the serpin was specifically chosen to render the serpin capable of inhibiting the serine pro- 
tease inhibitor-resistant serine proteases of the chymotrypsin superfamily of the present invention; however the 
particular substitute ammo acid employed is not critical to the present invention. For example, if the Met (M) residue 
in plasmm equivalent to Y 39 of trypsin (see Figure 1) were altered to another amino acid with different properties 

5 such as charge or size (as the example given above, Glu (EJ), and that mutant plasmin showed reduced suscepti- 

bility to inhibition by wild-type alpha-2-antiplasmin, then mutation of the P4' Ser (S) residue in alpha 2-antiplasmin 
to another ammo ac.d (Arg (R) for example) capable of interacting with the altered Glu residue in plasmin is 
expected to restore the susceptibility of the mutant plasmin to inactivation by the mutant alpha-2-antiplasmin Sim- 
ilarly, rf the Gin (Q) residue of thrombin were altered to Asp (D), as in the example for mutation of thrombin given 

10 above, then mutation of the P6' Arg (R) residue of antithrombin III to Glu (E) is expected to restore susceptibility of 
the wild-type inhibitor-resistant thrombin to inhibition by the mutant anti-thrombin 1 1 1 ; and 

(ii) additional amino acid residues of other members of the various families of serine protease inhibitors within the 
reactive center that form part of The interaction surface with their cognate serine protease. These residues are 
shown in Table VIII above for the serpin family of serine protease inhibitors 

15 

For example, alpha-2-antiplasmin contains the sequence SLSSFSVN in the reactive center in a position equivalent to 
The 3 48 APEEIIMD 3 5 5 of PAI-1 . Mutation by substitution of any of these eight amino acids or by insertion of small num- 
bers of addrtional amino acids is expected to restore the interaction with the serine protease provided that those sub- 
stitutions or insertions are complementary in some property, such as charge or size or hydrophobic** to The amino 
20 fnn^f f that Were introdLiCed int0 the serine Please, which originally rendered rt resistant to the wild-type serpin 
[0054] The mutant serine proteases and mutant serine protease inhibitors of the present invention may be point 
mutants, deletion mutants, addition mutants, or mutants containing combinations of these types of mutations 
[0055] The mutant serine proteases and mutant serine protean inhibitors of the present invention can be prepared 
e.g., by the well known techniques of oligonucleotide-mediated mutagenesis (Zoller N et al DNA 3-479-488(1984)' 
25 Kunkel, T et al, Proa NatT Acad ScL USA, 82:488- 492 (1985); and Kunkel, T. et al, Current Protocols jn Molecular 
Biology, Green Publishing Associates & Wiley Interscience, New York (1987)). However, the precise method ofprepar- 
mg the mutation in The serine protease or serine protease inhibitor is not critical to the present invention 
[0056] The mutant serine proteases of the present invention can be screened for those having the desired proper- 
ties, i.e., serine protease activity yet resistance to inhibition by the cognate inhibitor, using well known assays such as 
so described in Lottenberg, R. et al, Meth. EnzvmoL 80:341-361 (1981). 

[0057] The mutant serine protease inhibitors of the present invention can be screened for those having the desired 
properties, i.e., serine protease inhibitor activity against the serine protease inhibitor-resistant serine proteases of the 
present invention, using well-known assays, such as described in Lottenberg, R. et al, MetfL EnzvmoL 80 341 -361 

35 S9^oTi98^ E * ^ a '* mQSimL ' 2£:5133 " 5140 (1987); and Hekman - CM - et al - Ab4l Biochem. BiophyjL, 

[0058] The work described herein demonstrates for the first time that it is possible to modify serine proteases by 
mutagenesis so as to reduce or eliminate the interaction between serine proteases of the chymotrypsin superfamily and 
their cognate inhibitors. This allows the mutant serine proteases to remain enzymatically more active than the wild-type 
enzyme in the presence of the cognate inhibitors, with the amount of residual activity depending on the degree to which 

40 heir interaction with their cognate inhibitor is inhibited. The administration of such mutated serine proteases is believed 
to be of benefit m a variety of clinical and commercial applications. For example, a mutated form of activated protein C 
is beheved to be useful when it would be advantageous to inhibit the coagulation of blood, just as the mutated forms of 
t-PA described in Example 1 herein are believed to be useful to extend The effective life of t-PA in the circulation of a 
patient with a thrombotic disorder where extended fibrinolysis is required. 

ts [0059] The work described herein also demonstrates for The first time that it is possible to modify serine protease 
mhib.tors by mutagenesis so as to functionally restore the interaction between serine protease inhibitor-resistant mutant 
serine proteases of the chymotrypsin superfamily and their cognate serine protease inhibitors by suitably altering the 
structure of the serine protease inhibitor. This allows the mutant serine proteases to be inactivated more rapidly than 
they would be in the presence of the cognate wild-type serine protease inhibitor, with the rate of inhibition depending 

>o on the degree to which their interaction with the mutant serine protease has been restored. The administration of such 
mutant serine protease inhibitors is believed to be of benefit in a variety of clinical and commercial applications to limit 
the activity of serine protease inhibitor-resistant serine proteases. For example, a mutated form of protein C inhibitor is 
believed to be useful when it would be advantageous co promote the coagulation of blood in the presence of a mutant 
form of activated protein C. Similarly, the mutated forms of PAI- 1 are believed to be useful in shortening the effective life 

5 of serine protease inhibitor-resistant t-PA, e.g. t-PA(R 304 ->E), in the circulation of a patient treated for a thrombotic dis- 
order should an invasive procedure be required. Such altered serine protease inhibitors could thus be used as antidotes 
tor the serine protease inhibitor-resistant serine proteases. 

[0060] The amount of mutant serine protease of the present invention to be administered in clinical applications will 
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depend upon the particular mutant serine protease employed, the desired therapeutic effect of the serine protease and 
on factors such as the sex, age, weight and physiological condition of the patient to whom the protease is to be admin- 
istered. The amount of mutant serine protease to employ can be determined by routine experimentation. 
[0061 ] The amount of mutant serine protease inhibitor of the present invention to be administered in clinical appli- 
cations will depend upon the particular mutant serine protease inhibitor employed, the desired therapeutic effect of the 
serine protease inhibitor, and on factors such as the sex, age, weight and physiological condition of the patient to whom 
the serine protease inhibitor is to be administered. The amount of mutant serine protease inhibitor to employ can be 
determined by routine experimentation. 

[0062] The mutant t-PAs of the present invention should be administered as determined by tests in appropriate in 
Yilrfi and m yjvq models and in clinical trials. It is anticipated that the doses required will be between 10 and 1000-fold 
less than that which is required for wild-type t-PA. 

[0063] The mutant PAMs of the present invention should also be administered as determined by tests in appropri- 
ate m yrtro and in vjvo models and in clinical trials. It is anticipated that the doses required will be approximately the 
same as those required for the mutant t-PAs. 

[0064] The mutant serine proteases of the present invention can be administered with any pharmaceutical^ 
acceptable carrier or diluent as is well known in the art, such as a physiological saline solution (Lucore, C L et al Circ. 
77:660-669 (1988); and Chesebro, J.H. et aJ, ffirsL, 76:142-154 (1987)). ' 
[0065] The mutant serine protease inhibitors of the present invention can also be administered with any pharma- 
ceutical^ acceptable carrier or diluent as is well known in the art, such as a physiological saline solution (Lucore C L 
et al, Q^, 7Z:660-669 (1988); and Chesebro, J.H. et al, £irsL, 7&142-154 (1987)). 

[0066] The particular mode of administration of the mutant serine proteases of the present invention is dependent 
on the parfccular application thereof. Examples of such modes of administration include intravenous or intraperitoneal 
injection, intracoronary infusion, topical application and aerosol inhalation. 

[0067] The particular mode of administration of the mutant serine protease inhibitors of the present invention is 
dependent on the particular application thereof. Examples of such modes of administration include intravenous or intra- 
peritoneal injection, intracoronary infusion, topical application and aerosol inhalation. 

[0068] The following examples are provided for illustrative purposes only and are in no way intended to limit the 
scope of the present invention. 



30 EXAMPLE 1 



t-PA MUTANTS 
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[0069] Although the technology described in this example is directed to the use of t-PA as the serine protease and 
PAI-1 asthe cognate serine protease inhibitors, other serine proteases of the chymotrypsin superfamily, such as those 
described above, and their cognate inhibitors, such as those described above, could easily and readily be employed 
using the techniques described herein without departing from the spirit and scope of this invention. 

A. Selection of t-PA Sites for Mutag enesis 

C °° 70] ^ To test the hv P° th esis that residues Arg 304 and ( 2 9 6 KHRRSPG 3 o2) of t-PA interact with PAI-1 , oligonucle- 
otide-mediated mutagenesis was used to produce the three mutant forms of t-PA shown in Table IX below. 



45 



50 



55 



Table IX 



wild-type t-PA 


FAKHRRSPGERFLC 


t-PA(Arg 304 ->S) 


FAKH RRSPGESFLC 


t-PA(Arg 304 ->E) 


FAKHRRSPGEEFLC 


t-PA(Del 296 . 302 ) 


FA ERFLC 



[0071 ] Mutant t-PA(Del 296 .3 02 ) lacks the seven amino acid insertion discussed above which is not found in trypsin 
and was constructed so as to completely remove a portion of the t-PA sequence which interacts with the cognate serine 
protease inhibitor. PAI-1. Mutants t-PA(R 304 ->S) and t-PA(R 3M ->E) contain substitutions of Ser and Glu, respectively, 
'or Arg 304 . and were chosen to selectively alter the positively-charged Arg residue and eliminate its interaction with the 
cognate senne protease inhibitor. PAI-1 . A variety of other substitutions can be made for R 304 which would produce a 
t-PA with reduced susceptibility to its cognate serine protease inhibitor due to a lack of charged-pair interaction For 
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example, point mutations that convert the positively-charged residues in the loop (residues 296-302) to negatively- 
charged or neutral amino acids would be predicted to prevent, reduce or destabilize the interaction between t-PA and 
PAI-1 . A similar result can be obtained by replacing P 301 with another amino acid, with the exception of Gly (G) Addi- 
tionally, insertion mutations can be made between residues 304 and 305, or anywhere between residues 296 and 305 
so as to insert a series of about 1 -6 amino acids that will, not interact properly with the PAI-1 residues. Different substi- 
tutions and/or combinations of substitutions, insertions and deletions would be expected to affect the interaction 
between t-PA and PAI-1 to different extents, thereby allowing a variety of t-PAs to be generated with properties appro- 
priate for particular applications or clinical conditions. 



10 B. Oliaonucleotide-meri iated Mutagenesis of t-PA 

[0072] Oligonucleotide-mediated mutagenesis of t-PA was carried out essentially as described by Zoller M et al 
DNA, 3:479-488 (1984) as modified by Kunkel, T, ProcL NatL Acad ScL USA, 82:488-492 (1985); and Kunkel T. et al* 
CurierJi ElQlQCQls in Molecular. Biota Green Publishing Associates & Wiley Interscience, New York (1 987). ' 
15 [0073] First, plasmid pSVT7(Rr)/l-PA, which contains a cloned copy of the cDNA encoding full-length human t-PA 
was prepared as described by Sambrook, J. et al, MoL Hoi LdegL 2:459-481 (1 986). pSVT7(RI )/t-PA is a derivative of 
pSVT7 (Bird, P.M. et al, ififiH fiioL, 105:2905-2914 (1987)) (see Figure 3). 

[0074] pSVT7 was constructed from pKC3. pKC3 is a derivative of pko (Van Doren, K. et al, J. Virol 50 606-614 
(1984)) in which the pBR322 -derived sequences from the Aval site to the EcoRI site (which contain the origin of repli- 

20 cation and the {5-lactamase gene) have been replaced by those of pUC 8 (Messing, J., Meth. Enzvmol. . 1£l:20-78 
(1983)). In addition, a polylinker has been inserted into the unique Hindlll site and the Pvull site upstream of the SV40 
origin has been converted into a Clal site. Vector pSVT7 was obtained by inserting a 20 base pair fragment containing 
a bacteriophage T7 RNA polymerase-specific promoter (Pharmacia Fine Chemicals, Piscataway, NJ) into the unique 
Stul site of pKC3. This Stul site lies within sequences derived from the early region of SV40 at nucleotide 5190 in the 

25 SV40 sequence and approximately 30 base pairs downstream from the point of initiation of the early transcript (Tooze 
J- etal, DNA Tumor Viruses. Cold Spring Harbor Press, page 813 (1981)). 

[0075] Then, the single EcoRI site was removed from pSVT7 by filling the recessed 3'-ends with the Klenow frag- 
ment of ELopJi DNA polymerase. The resulting expression vector was designated pSVT7(RI") (see Figure 3) 
[0076] Next, cDNA coding for wild-type t-PA was excised from plasmid pL61 1 (Sambrook J. etal. Mol Biol Med 

so 3:459-481 (1986); provided by Genetics Institute, Boston, MA) and inserted into pSVT7(RI ). pL61 1 contains immedi- 
ately upstream from the initiating AUG codon of t-PA, a synthetic oligonucleotide that introduces cleavage sites for Ncol 
and BamHI. Approximately 280 base pairs downstream of the TGA termination codon, a Ball site lies within the 3' 
untranslated sequence of the t-PA cDNA. Xbal linkers were added to the approximately 1965 base pair Ncol-Ball frag- 
ment of t-PA DNA that was excised from plasmid pl_61 1 . This Ncol-Ball fragment contains the sequences that code for 

35 !»f ™ m , p,ete *" PA prote,n bLJt lacks sequences corresponding to (i) the distal 3'-untranslated region of t-PA mRNA and 
(ii) all of the 5'-untranslated sequences of t-PA mRNA, i.e., the sequences between a Sail site and the initiating ATG 
codon (Pennica, D. et al. Nslum 321:214-221 (1983)). The fragment of t-PA cDNA carrying Xbal sites at each end 
(Sambrook, J. et al, MoL B]ol. MecL 3:459-481 (1986)) was used to generate pSVT7/t-PA (see Figure 3). The approxi- 
mately 1970 base pair DNA fragment was excised from the resulting plasmid by digestion with Xbal purified by 0 8% 

40 (w/v) agarose gel electrophoresis and inserted into the Xbal site of plasmid pSVT7(RI") so that the sequences coding 
for the N-termmus of t-PA were placed immediately downstream of the bacteriophage T7 and SV40 early promoters 
The resulting plasmid was designated pSVT7(R|-)/t-PA (see Figure 3). 

[0077] Then, pSVT7(Rr)/t-PA was digested to completion with EcoRI. The 472 base pair fragment (nucleotides 
842- 1314 which encodes the region covering amino acids 206 to 364) of t-PA was purified by 1 2% (w/v) agarose gel 
45 electrophoresis. This fragment was then ligated with replicative-form DNA of the bacteriophage M13 vector M13mp18 
(Yan.sch-Perron, C. et al, £aSQ& 31:103-119 (1985)) which had previously been digested with EcoRI and dephosphor- 
ylated with calf intestinal alkaline phosphatase (see Figure 3). 

[0078] Unless otherwise specified, these and other standard recombinant DNA procedures described herein were 
carried out as described in (i) Maniatis, T. et al, Molecular Cloning : A Laboratory Manual . 1st Edition, Cold Spring Har- 

50 bor (1 982) and (n) MeflL Enzvmol., Volume 152, Ed. Berger, S. et al, Academic Press, New York (1 987) 

[0079] The ligated DNA was transfected into E. cM strain TG-1 (Gibson, T, Thesis, University of Cambridge Eng- 
land (1984)). White plaques formed by recombinant bacteriophages were picked and the presence of the appropriate 
472 base pair EcoRI fragment was verified by restriction mapping, Southern hybridization and DNA sequencing 
[0080] Mutations in The 472 base pair EcoRI fragment were introduced using a 5'-phosphorylated synthetic muta- 

55 gen.c primer as described by Kunkel, T et al, Proa NatL Acad. ScL USA, 82:488-492 (1985); and Kunkel T, Meth 
- nzymQl ' 154:367-382 (1 987)). The sequences of the three mutagenic primers employed to construct the t-PA mutants 
were: 
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t-PA(R 304 ->S) 5 GCCCGGAGAGTCGTTCCTGTGC 3 
t-PA(R 304 ->E) 5 GCCCGGAGAGGAGTTCCTGTGC 3 
t-PA(Del 296 . 302 ) 5 GCCATCTTTGCCGAGCGGTTCCTG 3 

2S£5^2hf atL ^ ^ ^ :488 ' 492 (1 985 > : and Kunkel - T - MSOL ErKYmol, . 154:367-382 (1 987)) The DNA 
template contains a small number of uracil residues in place of Thymine 

US If p Af, r r r!' e t ™ ta f" ic ? rimer W3S eXte " ded 40 ^ The Partially-filled circular DNA was transfected into a 
strain of E eph That is guT. ung + . i.e.. TG-1 (Gibson. T, Thesis, University of Cambridge. England (1984)). The uracil 

rM !2rr P *t Strand Were th6n rem0V6d Msd5ffi by ,he action of The *™y<™ ^acil N-glycosylase This gen- 

^ t S '° nS thS 4emP ' a,e Btand and thefefere a,lowed ra P id and efficient recovery of mutarts 

[0082] More specifically, the uracil-containing template DNAs were annealed to The 5' phosphorylated mutagenic 

ZTmFT ^ enSi °", ° ,,he Primer W8S C9,Tied ° Ut f ° r 12 " 16 h0urs 81 15 ° C usin 9 the lag^nt ofT 

S.™ TrnZT 356 - T new, ^ yn,hesized stra nd was ligated to the 5' end of the mutagenic primer with bacterT 

wr£ ™ T ™ 9aS f; m ' n9 a ^ C 6 b6arinQ 8 miSmatCh - The reSUltin 9 DNA was used to *ransfect E. coli strain TG- 
of the Zu~^T rZ^ Cambrid f ■ En 9' and ( 1 984 )) an d sing.e-stranded DNA was prepared fr™ a number 
of the plaque* These DNAs were completely sequenced. The double-stranded replicative form of the DNAs of proven 
mutants was then isolated and the mutated 472 base pair fragments were isolated by digestion with EcoRI and electro- 
phoresis through 1.2% (w/v) agarose gels. As described in detail below, these fragments containing mutations were 
then used to reconstruct versions of the t-PA cDNA that encoded the t-PA mutants of interest. 

C. Construction nf Fvpressinn Vart ors for Mutant \-PA ? 

JUnL nuT owl''™ in PlaSm !^ PSVT7(RI 'I*™ Wer6 traded as follows: The central 472 base pair EcoRI 
Z , h ^ W3S rem0Ved fr ° m P ' aSmid P SVT7 ( RI ")^-PA by digestion with EcoRI and by 1 .2% (w/vTagarose 
n^L r™n°r' S JT e rema,n,n 9, ,ine ar fr agment of the plasmid DNA was then ligated to the versions of the 472 base 
na Jn^Rr?^^ ol'9onucleot,de-mediated mutagenesis (see Figure 3). The resulting plasmids were desig- 
^, P ^ (R y )A ' PA(R304 " >S) ' P SVT7 ( RI ")/f-PA(R 304 ->E) and P SVT7 (RI)/t-PA(Del 296 302 ). 
SfSs mmS 6 *? °T (Hanat l an : D ' eta '' v °<"™ 1, Ed. Glover, DM., I.R.L. Press, Oxford, pages 

1ft PA,p ( I wnu T «™ 8b0Ve mUtant P ' aSmidS and the resultin 9 ^ains were designated PSVT7(R|- 
^eseSroHhlJl ^ P ( t Rr)/, " PA i R304 " >E) tDH - 1l: 3nd P SVT7 (R'^PA(Del 296 . 302 ) [DH-1], respectively, The 
ot h» a nn ,k « ^T 6 ? W3S COn1lrmed by to ^e appropriate radiolabeled mutagenic oligonucle- 

otide and the orientation of the fragment was verified by restriction mapping and DNA sequencing, using the appropri- 
ate mutagenic oligonucleotides as primers. Hk u H 

PSVT ! (R, ) f ; RA ( R 304 : >S) [DH-1], P S\n-7(R|-)/t-PA(R 304 ->E) [DH-1] and pSVT7(R|-)/t-PA(Del 296 . 302 ) [DH-1] 
have been deposited at the American Type Culture Collection under ATCC Nos. 67894, 67896 and 67895^ectively 

D. Transfection of COS Cells 

Swith apP ;° ximate,y 106 COS ce,ls ( Qlu tman. Y. et al, £fiU. 23:175-182 (1981)) per 100 mm dish weretrans- 
ClonTnn A i™ , *• apP 7" ate P lasmid DN * P^^ied by the alkaline lysis procedure (Maniatis, T. et al, Molecular 

K£ mS" ^ C0 ' d Spri " 9 Ha *° r (1982)) - MOrS S P eCtfica "* medium wasTen^ 

nr^ TZ, !n ^^SST and *' monota i« B ««" washed once with 5.0 ml of Dulbecco's medium (GIBCO 

Sth nTi, E ? S (PH 7 - 15) (SiQma Chemical Co ■)■ Aii « removal ° f the wash solution, the plasmid DNA 

was then added to the monolayers in a volume of 1 .5 ml of wash solution containing 300 ng of DEAE-dextran (Pharma- 
cia Inc.). The monolayers were then incubated for 1 hour at 37°C in an humidified atmosphere containing 6.0% C0 2 

JKlZTn a9 ' ta, i d 9ent,y 20 mi " UteS dUring ,hiS Peri0d - After ,he monolayers had been exposed to 
h!n n i n ^ ■ °^ V Wefe WaSh6d ° nCe With Dulbecc °'a medium containing 10 mM HEPES (pH 7.15) and 
£henlL?r^ ITfT C ° mainin9 1 ° % (VM ,eta ' bwin " Serum < G,BC0 ' lnc ) and 100 fiM chloroquine (S gma 
ST * ^ T,^ d ,S d - Th6 ^a^s were then incubated at 37'C for 4 hours as described above, and washed 
tw,ce with 5.0 ml of Dulbecco s medium lacking fetal bovine serum but containing 10 mM HEPES (pH 7 15) 10 ml of 
Du becco s mectium containing 10% (v/v) fetal bovine serum was then added and the monolayers were incubated at 
medlm f I f ° r 1 2 h0UrS ' Thea the ^'ayars were washed three times each with 5.0 ml with Dulbecco s 

feSTet wl^T and inCU u ated 3t 3? ° C in the Same medium ,or a ,urther 36 " 60 hou rs. Mock-trans- 
S2 ^ XT treat K ed i . ,dent,cal| y ("at plasmid DNA was omitted from the solution containing DEAE-dextran. 

below ' ncut >ation period, the supernatant medium was collected from the cells and analyzed as described 
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E. Quantitation of Wild-Type and Mutant t-PAs bv Solid-P hase Radinimm, ,n naKay 

JSnn u,T^V ra ^^ munoassa y was Performed essentially as described for influenza hemagglutinin 
5 l%fla^t a ;rf^ ^ :620 " 625 0 9BD) "Sing the IgQ fraction of rabbit antisera raised against purified human 

P^etermin^ h T 6 4 ^ m ° Un K 0< Wi ' d " tyPe and mU,am '- PAS produced in 4,16 C0S ce,ls ™e concentration of t- 
PA determined by this method was between 0.5 and 1.0 ^g/ml. 

F. Enzymatic Ass ay of Wild-Tvpe and Mutanf f-P Ac 

10 fSSLn ^e^Tf 9SSay WaS Carried out 80 38 10 ^ermine the activities of the wild-type and mutant 

zvmt PL ?H n ,h h th ' S aSSa/ frSe P- nitroaniline is leased from the chromogenic JSUte Specfro- 

zyme PL (H-D-norleucylhexahydrotyrosyl-lysine-p-nitroanilide diacetate salt) (American Diagnostica, Inc.) by the action 

^S7ooT^ on of *" PA on p,asrrtn09en ^ release of ,ree p - nitroaniline was ~ L ^ 

15 InfJL pi M n°? V^'^', ™ * comprisin 9 1 5 °- 200 P9 <* «»• t-PA to be tested, 0.4 mM of Spec- 

Si L y s -P la f m,n °9en (American Diagnostica. Inc.) and 0.5-25 ng/ml of soluble fibrin (Des-A-fibrino- 

S™^^ '"k Vh 3 ^ C ° mPriSin9 50 mM TriS " HC1 < pH 7 - 5 >- 01 M NaC1 ' 1-0 «*• EDTA and 
0.01 A (v/v) Tween 80 were incubated at 37»C in 96-well, flat-bottomed microtiter plates (Costar, Inc ) and the OD^nm 

was measured with a Bio-tek microplate reader (Mode. EL310) at 15 or 30 minute internals oyer a 2 hour penS Alio 
thfon W Wropnate^iluted samples of medium from mock-transfected celte were analyzed as Ss and 
ur- * k m,t) W6re SUb1raC,ed fr0m ,he responding test yalues. Delta OD ya.ues were meas 

noil" 96 ° P , b6tWeen 30 minU,6S ^ 60 minutes ' f0,lowin 9 the lag phase of the reaction 

a ™ n i ^S n Con ^ ers,on of s-ngle-chain t-PA to the two-chain form. Under the conditions used in the standard 

25 £ Zi il^L laSm,n °? e r and 25 ^ 01 D es-A-fibrinogen). soluble fibrin stimulated the activity of t-PA 20- 

25 40 fold. The results are shown in Figure 4. 

f 0 ^- ' n Fi9 J Ur ! *" a " threS °' thS ^e-described t-PA mutants of the present invention were found to 
PA Sr i T "? the : specific activitj es were not found to be significant* different from that of wild-type t- 
f^i omlTvl abov&descr,bed mutants of the present invention were found to respond to varying concentra- 
te S 40 U ™ n09en 3 ! imi ' ar t0 th3t ° f Wld - type The maximal stimulati0 " by Des-A-f ibnnogen was 
S£2„ r 7 ' n R a9r h eeme : t T ,he obse ^ations of others on wild-type t-PA using a Des-A-fibrinogen preparation 

occurred th^nL^ 2 ^ C2mm " ^2 :147 ' 154 each case, half-maximal stimulation 

°„ n «H h , Des-A-f fonnogen was present at a concentration of approximately 1.0 ug/ml. 

°®" ] . . e NeXt ' the K - and Kca1 Va ' UeS °' * he Wi ' d - ,ype and mu1am ^ w ere determined by assaying the various 

* SS^fS^oTo 'i n ^M P o?r Ce k ^ ratin0 concen,rati °" s ° f Des-A-fibrinogen (25 ^g/m.) and different concen- 
trator (from 0.02-0.16 nM) of the substrate, Lys-plasminogen. The results are shown in Table X below 
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Table X 



Enzyme 


K m (|iM) 


Kcat(s 1 ) 


Wild-type t-PA 


0.024 


0.22 


t-PA(R 30 4->S) 


0.019 


0.23 


t-PA(R 30 4->E) 


0.023 


0.22 


t-PA(Del 296 . 302 ) 


0.029 


0.17 
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Th?S 1 , 1 «? ro Sh r n ln ?"? X "J*" 8, the Km 3nd Va,U6S for 1,16 different '- PA mutante were similar to one another. 

J^^ l T^ f'nt Va ' UeS f ° r Wild " 1yPe l - PA rep0rted b * Boose ' J- et el. Biochem.. 28:635-643 (1989); and 
Hoylaerts, M. et al, J. Biol. Chem.. 2§7:2912-2919 (1982). — 

*■ Th ^ data ^ in Fi9Ure 4 and Tab ' e X de "«nstrate that (i) deletion of amino acids 296-302 of t-PA and (ii) 

S^^^CK*" 304 have ,iwe effert 00 the ability of l - PA to activa,e plas — and to - 

PA^lno TO teS ! ^tl 8 ' d6 ! eti0n °' amin ° 3CidS 296 - 302 and ^titution of Arg 304 affects the interaction of t-PA with 
,?J ' SEE?* ' ° P9 (3 B femlomoles ) eech of the wild-type and mutant t-PAs were pre-incubated for 20 mT 
us^ole i^rr° 65 ° ,partia,, y puri,ied recombina ^ p A'"1- T»» residual enzymatic activity was Ten Z2£t 
de^iin n p ^r^enic assay described above. The partially-purified recombinant PaI-1 was obtained as 
desaibed in Example 2 below. The results are shown in Figure 5. 
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[0095] As shown in Figure 5, all three of the t-PA mutants of the present invention behave quite differently from wild- 
type t-PA. That is, under conditions where wild-type t-PA (■) is completely inhibited by PAI-1 (24 femtomoles of PAI-1) 
the deletion mutant t-PA(Del 296 _ 302 ) (•) retains approximately 95% of its activity. Only when high concentrations of PAI - 
1 are present (480 femtomoles of PAI-1), does mutant t-PA(Del 296 . 302 ) (•) display any significant diminution of enzy- 
matic activity The two substitution mutants, i.e., t-PA(R 304 ->S) (o) and t-PA(R 3 o 4 ->E) (□), also are resistant to inhibition 
by PAM . although to different extents. Also, as shown in Figure 5, the two substitution mutants containing Ser or Glu 
instead of Arg require approximately 4 and 25 times more PAI-1, respectively, for half-maximal inhibition of enzyme 
activity than does wild-type t-PA. 

[0096J The above data indicate that amino acids 296-302 and 304 are not involved in catalytic functions of t-PA but 
play an important role in the interaction of the enzyme with its cognate serine protease inhibitor, PAI-1 Using the struc- 
ture of trypsin as a model, these amino acids are predicted to map near the active site of the serine protease some 
distance from the catalytic triad. Thus, the area of contact between t-PA and PAI-1 is more extensive than the interaction 
between t-PA and its true substrate plasminogen. 

[0097] In order to determine whether or not mutant t-PA(Del 296 . 302 ) also exhibited resistance to the complex mix- 
ture of serine protease inhibitors present in human plasma, a 1 :100 dilution of human plasma was substituted for the 
partially-purified recombinant PAI-1 in the protocol described above. Under these conditions, approximately 70% of the 
activity of the wild-type t-PA was inhibited while the activity of t-PA(Del 295 302 ) was unaffected 

[0098] In addition, wild-type t-PA and t-PA(Del 296 _ 302 ) were incubated with undiluted human plasma and then the 
mixtures were acidified to pH 5.0 and centrifuged for 5 minutes at 12,000 x g. The clarified supernatants were diluted 
and assayed for residual t-PA activity, which totalled 90% for the mutant t-PA(Del 296 . 302 ) and 20% or less for the wild- 
type t-PA. The above results demonstrate that mutant t-PA(Del 296 _ 302 ) is resistant to the complex mixture of serine pro- 
tease inhibitors present in human plasma and therefore is believed to be superior to wild-type t-PA as a therapeutic 
agent * 
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25 G. Additional t-PA Mutants 

[0099] The data presented in Section F above demonstrate that residues 296-302 and 304 of t-PA play an impor- 
tant role in interaction of the enzyme with the cognate inhibitor, PAI-1 , but not with the substrate, Lys-plasminogen Mod- 
eling of the catalytic domain of t-PA based on the known structure of trypsin suggests that residues 296-302 form a 
surface loop at the edge of the enzyme's active site. This loop is highly positively charged. As discussed above in Sec- 
tions A and F, it has been proposed in the present invention that the effect of this region may be mediated by its forma- 
tion of electrostatic bonds with PAI-1 . To test this hypothesis, each of the charged residues within the loop were altered 
and the effect of these mutations upon the enzyme's interaction with PAI-1 was assessed as described below If the 
positively charged residues in the loop form salt bridges with a complementary region of the serine protease inhibitor 
♦ da ' J*2t subst,tut,on b V negatively charged residues would be expected to be disruptive of interactions between 
t-PA and PAI-1 due to the juxtaposition of the side chains of similarly charged residues during the association of these 
two proteins. 

[0100] More specifically, site directed mutagenesis was carried out as described above in Section B and used to 
construct cDNAs that encoded t-PA mutants in which Lys 296 , Arg^, or Arg 299 had been replaced by a Glu residue A 
cDNA encoding a triple mutant of t-PA in which all three of these residues were replaced by Glu was also constructed 
Two additional cDNA's were produced; one encodes a t-PA mutant in which His 297 has been replaced by a Tyr residue 
while the other encodes an enzyme in which Pro 301 has been replaced by Gly. 

[0101] The sequences of the six mutagenic primers employed to construct these t-PA mutants were: 
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t-PA(K 296 ->E) 
t-PA(H 297 ->Y) 
t-PA(R 29a ->E) 
t-PA(R 299 ->E) 
t-PA(P 301 ->G) 
t-PA(K 296 , 



S'-ATCTTTGCCGAGCACAGGA-S' 
5'-TTTGCCAAGTAC AGGAGGT-3 ' 
5'-GCCAAGCACGAGAGGTCGCCC-3' 
5'-AAGCACAGGGAGTCGCCCGG-3' 
5*-AGGAGGTCGGGCGGAGAGCG-3' 

5'-GCCATCTTTGCCGAGCACGAGGAGTCGCCCGGAGA-3' 



[0102] cDNAs encoding the mutated enzymes t-PA(K 296 ->E), t-PA(H 297 ->Y), t-PA(R 298 ->E) and t-PA(P 301 ->G) 
were ligated into the transient expression vector pSVT7(Rr), as described above 

[01 03] cDNAs encoding the mutated enzymes t-PA(K 296 , R 298 . R 299 -> E, E, E) and t-PA(R 299 ->E) were ligated into 

k ^? S / i en l,f PreSS,0n V6Ct0r PSTE ' PSTE iS 9 derlvative of PSVT7 and was constructed by replacement of the 350 
bp Clal-Hindlll promoter/origin fragment of pSTV7 with the 418 bp Epall-Hindlll fragment from the promoter/origin 
region of SV40 cs1085 (DiMaio, D. et al, ^MoL BioL, 140:129-142 (1980)). ~ 

[0104] The resulting plasmids were designated pSVT7(Rr)A-PA(K 296 ->E), pSVT7(Rr)/t-PA(H 297 ->Y); pSVT7(Rr 
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10 



15 



)A-PA(R 298 ->E);pSTE/l>PA(R 299 .>E);pSVT7(Rr)/l.PA{R3 0r >G);andpSTEn-PA(K 296 , R 298 , R 29g ->E E E) 

£1°?L „tSr DH " 1 (Hanahan ' D - et al - D"A Cloning, Volume 1 , Ed. Glover, D.M., I.R.L. Press, Oxford, pages 
1 09-1 35 (1 985)) was transformed with the above mutant plasmids and the resulting strains were designated PSVT7(Rr 
v'^^Zf^'l 1 P SVT7 ( R, ")^PA(H 297 ->Y) [DH-1]; pSVT7(Rr)/t-PA(R 298 ->E) [DH-1]; P STE/t-PA(R 299 ->E) [DH- 
ij; PbVT7(Rl)/t-PA(R 30r >G) [DH-1]; and pSTE/t-PA(K 296> R 29B , R 299 ->E, E, E) [DH-1], respectively. The presence of 
the correct fragment was confirmed by hybridization to the appropriate radiolabeled mutagenic oligonucleotide and the 
orientation of the fragment was verified by restriction mapping and DNA sequencing, using the appropriate mutagenic 
oligonucleotides as primers. 

ElfS h P ^ ( H r)A '?i R298 2 E) [DH " 1]: P STE/t - pA ( R 299->^ tDH-1]; and P STE/t-PA(K 296 , R 298 , R 299 - >E , E, E) 
[DH-1] have been deposited at the American Type Culture Collection under ATCC Nos 68157 68154 and 68153 
respectively. ' ' 1 

[0107] The above plasmid DNAs were then used to transfect COS cells as described above. Assays were per- 
formed as described above with both dilutions of the resulting conditioned media (typically 1:300) and with immuno- 
punfied enzymes. 1 

[0108] Next, the K m and K cat values of the wild-type and mutant t-PAs were determined by assaying the various 
forms of the enzyme in the presence of saturating concentrations of Des-A-fibrinogen (25 jig/ml) and different concen- 
trates (from 0.02-0.16 \xM) of the substrate, Lys-plasminogen. The results are shown in Table XI below 
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Enzyme 


K m (^M) 


Kcat(s 1 ) 


Wild-type t-PA 


0.024 


0.22 


t-PA(K 296 ->E) 


0.026 


0.22 


t-PA(H 297 ->Y) 


0.017 


0.14 


t-PA(R 298 ->E) 


0.027 


0.24 


t-PA(R 299 ->E) 


0.033 


0.26 


t-PA(P 30 r>G) 


0.027 


0.24 


t-PA(K 296 , R 298) R 29g -> E, E, E) 


0.027 


0.24 



[0109] As shown in Table XI above, none of The mutations discussed above substantially altered the t-PA's interac- 
tion with its substrate. 

[01 1 0] Similarly, the data presented in Figure 6 suggests that the mutations have not altered t-PA's interaction with 
its positive effector, Des-A-fbrinogen. By contrast, the data presented in Figure 7 indicates clear differences in the 
behavior of wild-type t-PA and some of The mutant t-PAs. Specifically, the ability to interact normally with the serpin 
PAI-1, has been substantially changed for three of the mutant t-PAs, i.e., t-PA( R 29e ->E), t-PA(R 299 ->E), and t-PA(K 29 ' 
R 298 R 299 ->E, E, E). The behavior of the triple mutant is particularly striking; even after pre- incubation with a greater 
han 200-fold molar excess of PAI-1 , the triple mutant shows no loss of activity. These findings support the proposal that 
the surface loop of t-PA, i.e., residues 296-302, interacts specifically with the cognate inhibitor, PAI-1 , and suggest that 
this interaction involves Arg 298 and Arg 299 . These observations are consistent with the hypothesis that the specific 
interactions between t-PA and PAI-1 involve electrostatic bonds. The residues of t-PA involved in these interactions are 
Arg 298 , Arg 299 , and Arg 304 . 

EXAMPLE 2 

PAI-1 MUTANTS 

[011 1 ] Although the technology described in this example is directed to the use of t-PA as the serine protease and 
PAI-1 as the serine protease inhibitor, other serine proteases of the chymotrypsin superfamily, such as those described 
above, and other serine protease inhibitors, such as those described above, could easily and readily be employed using 
the techniques described herein without departing from the spirit and scope of this invention. 

A. Expression, Purification and Assay of Glycosylated PAI-1 in Fukarvotic CpMr 

[0112] Two different cDNA clones derived from the 3.2 kb and 2.2 kb mRNAs encoding PAI-1 (Ny, T. et al, Proc. 
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NatL Acad. SsL USA, 83:6776-6780 (1 98 6); and Pannetoek, H. et al, EM BO J,. 5:2539-2544 (1 986)) were used to con- 
S l ! riJ l!I, f . U V len9th ° DNA in 3 mammalian expression vector. The first clone, lambda PAI-1, was a truncated version of 
the cDNA that was obtained by screening a human placental cDNA library (provided by Dr. Carol Mendelson Depart- 
ment of Biochemistry, Southwestern Medical Center, Dallas, TX) with a synthetic oligonucleotide corresponding to the 
foltowing sequence of B amino acids of PAI-1 (AVDQLTRL) (Ny. T. et al. Prog. NatL Acad ScL USA, 83:6776-6780 
(1986); and Pannetoek. H. et al, EMBO J. 5:2539-2544 (1986)). The fragment of DNA releasedlr^mlhis clone by 
digestion with EcoRI corresponded to nucleotides 147-2013 of the PAI-1 sequence reported by My, T. et al, Proc. Natt 
Aeai SSL USA, 22:6776-6780 (1 986). This fragment was subcloned into the plasmid Vector pUC 18 (Yanisch-Per^n" 
C. et al, Gens, 23:103-119 (1985)) to yield the recombinant plasmid pPAI-1. The insert from this plasmid was then used 
n 3 " 1an endolhelial ce " cDNA librar V that was constructed in bacteriophage lambda gt1 1 (Huynh T et al 
DM Qmm. Volume 1 Ed. Glover, DM., I.R.L. Press, Oxford, pages 49-88 (1985)). One of the cDNA clones isolated" 
in this fashion, i.e., lambda PAI-1-11A, carries an insert that is identical in sequence to the PAI-1 cDNA previously 
reported (Pannetoek, H. el al, EMBQ ^ §:2539-2544 (1986)) except for the presence of two additional nucleotides at 
1 „?r en l? le EcoR| - B 9 |M fragment derived from the S end of this clone, nucleotides 52-1479. was fused to the 3 1 
Bglll-EcoRI fragment of pPAI-1 to yield pPAI-1-RBR. 

[01 13] The SV40 vector used to express PAI-1 in mammalian cells was constructed as follows. The termini of the 
EcoRI fragment released from pPAI-1-RBR were filled with the Klenow fragment of E. £g]i DNA polymerase, ligated to 
synthetic Xbal linkers and inserted in place of the t-PA fragment in the plasmid pSV/t-PA3 to yield pSV, -PAI-1 (Sam- 
brook, J. et al MqL Bjgi Med, 3:459-481 (1986)). Stocks of SV L -PAI-1 were generated and propagated as described 
by Doyle, C. et al. J, Cell. Biol.. 105:704-714 (19B5) 

[0114] PAI-1 clones described previously by Pannetoek, H. et al.. EMBO ^ 5:2539-2544 (1986) and Ginsberg D 
et al. J, Clin. Invest - 22:1673-1680 (1986) encode a PAI-1 protein identical in sequence to that encoded by pPAI-1-RBR 
and could have been used in place of pPAI-1-RBR to construct SV L -PAI-1. 

[0115] Monolayers of CV-1 simian cells were grown at 37-C and then infected with SV L -PAI-1 . After 24 hours the 
medium was replaced with serum-free Dulbecco's medium (GIBCO. Inc.) and incubation was continued for a further 48 
hours. The supernatant medium containing secreted PAI-1 was then filtered through an 0.45 micron filter (Nalge Co ) 
Nonidet P40 (S gma Chemical Co.) and 1 .0 M sodium phosphate (pH 7.2) buffer were then added to concentrations of 
*l l !> . 1 reB P acIiv8, >'- The stabilized medium was applied to an affinity column of concanavalin A-Sepha- 
,! ( f c ^ VOlUn1e) • WhiCh had been «l uilibr ated with a buffer comprising 20 mM sodium phosphate 

(pH 7.2). 135 mM NaCI, 7.0 mM KCI (hereinafter "PBS"), at a flow rate of 50 ml per hour. The column was successively 
washed with 25 volumes of PBS containing 0.1% (v/v) of Nonidet P40, 25 volumes of PBS containing 0.1% (v/v) of Non- 
idet P40 and 1.0 M NaCI and finally with 1 0 volumes of 20 mM sodium phosphate buffer (pH 7.2). The bound PAI-1 was 
specifically eluted with 0.5 M alpha-methyl-D-glucoside (Sigma Chemical Co.) in 20 mM sodium phosphate buffer (pH 
7.2). Fractions containing PAI-1 (as assayed by inhibition of urokinase from Calbiochem. Inc. in the indirect chromoge- 
nic assay described above) were pooled. Nonidet P40 was then added to a concentration of 0.1% (v/v) and 0 57 g of 
guanidme hydrochloride (U.S. Biochemicals) was added per ml of pooled eluate. The partially-purified PAI-1 thus 
obtained was dialyzed against a buffer comprising 20 mM sodium phosphate (pH 7.2) and 10% (v/v) glycerol, and was 
stored in aliquots at -80°C until used. '"' 

[01 16] The PAI-1 prepared in this manner contained 40 (ig/ml of total protein (assayed by Bradford's reagent pur- 
chased from BioRad Inc.) and 1 5 ^g/ml of PAI-1 , as assayed by staining of 1 2.5% (w/v) SDS-polyacrylamide gels Titra- 
tion against urokinase (itself titrated to be 52% active using 3 H-diisopropylfluorophosphate (NET-065 from New England 

^^"f)' revealed t^t the PAI-1 prepared as described herein was 16.6% active and that The concentration of 
active PAI-1 was 48 nM. 

B. Selection of PAI-1 Rita s for Mutagenesis 

[0117] To test the hypothesis that residues Glu 350 and Glu 351 of PAI-1 interact with t-PA, oligonucleotide directed 
mutagenesis was used to produce the two mutant forms of PAI-1 shown in Table XII below. 
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Table XII 



346 



w 



wild-type PAI-1 RMAPEE I IMD 

PAI-1(E 350 ->R) RMAPREIIMD 
PAI-1(E 351 ->R) RMAPERIIMD 



355 



15 



[01 18] Mutants PAI-1 (E 350 ->R) and PAI-1 (E 35 r>R) contain substitutions of Arg for GIU350 and Glu^ , respectively, 
and were chosen to selectively alter the negatively-charged Glu residues to positively-charged Arg residues and pro- 
20 mote potential interactions with the negative! /-charged Glu 304 residue present in t-PA(R 304 ->E). A variety of other sub- 
stitutions could be made for Glu 350 which would produce a PAI-1 with increased interaction with, e.g. the t-PA(R 304 ->E) 
mutant, provided Those substitutions were complementary to the specific mutations introduced in residue Arg 304 of t- 
PA without departing from the spirit End scope of the present invention. 

25 C. Oliqonucleotide-Media ted Mutagenesis of PAI-1 

[0119] First, it was necessary to construct a PAI-1 expression plasmid, designated plasmid pPAIST7 which pro- 
vides for the direct expression of methionyl-PAI-1 while eliminating the signal sequence and the 3 '-untranslated region 
of the cDNA sequence from the expression vector. To achieve this, synthetic DNA linkers were used to reconstruct both 
30 ends o the PAI-1 cDNA coding sequence and to introduce an ATG protein synthesis initiation codon immediately before 
the triplet encoding the first residue of mature PAI-1 . In addition, to facilitate the insertion of the cDNA coding region into 
plasmid pBR322, the linkers were designed to generate EcoRI and Hindlll restriction endonuclease recognition sites at 
the 5 and 3' termini, respectively, of the PAI-1 cDNA fragment. 

[0120] More specifically, plasmid pPAIST7 was obtained by digesting pPAI-1 -RBR with ApaLI and PflMI The resuft- 
35 ,ng 1 1 27 bp fragment, containing 2 bp of the codon for residue 1 of PAI-1 and the full coding sequence for residues 2- 
376 of the 379 residue protein, was purified by gel electrophoresis. Next, synthetic linkers {10 bp at the 5' end and 13 
bp at the 3' end) were ligated with the 1 127 bp ApaLI and PflMI DNA fragment, digested with EcoRI and Hindlll and 
the 1 146 bp EcoRI- and Hindi ll-digested DNA fragment was isolated by gel electrophoresis. This fragment was'then 
cloned into EcoRI- and Hind I ll-digested pBR322. 
40 [0121] To initiate construction of an expression plasmid, the subclone was digested with EcoRI and the linear plas- 
mid I dephosphorylated with bacterial alkaline phosphatase. Then, using the 360 bp EcoRI DNA fragment from pC5A- 
48 (Franke, A. et al, MetK Enzymol. , 162:653-668 (1 988)), containing the trp promoter and ribosome binding site a PAI- 
1 expression plasmid was constructed by ligating the two fragments together. Next, E, cpl were transformed with the 
resulting plasmids as described by Maniatis, T. et al, Molecular Cloning: A Laboratory Manual. 1 st Edition Cold Spring 
ts Harbor (1982). The plasmid DNA of the resulting transformants was screened by restriction analysis with Hindlll for the 
presence and orientation of the trp promoter fragment. Multiple transformants were identified containing plasmids hav- 
ing the PAI-1 gene adjacent to the trp promoter in the configuration required for direct expression of the inhibitor One 
such plasmid was designated pPAIST7. 

[0122] The Sall-Hindlll fragment of plasmid pPAIST7, containing the nucleotide sequences of PAI-1 encoding 
0 ammo acid residues Val 284 to Pro 379 , was ligated into Sall-Hindlll digested replicative form M13mp18 (see Figure 8) 
The ligated DNA was transfected into £ cpJi strain TG-1. White plaques formed by recombinant bacteriophage were 
picked and the presence of the appropriate 290 base pair Sall-Hindlll fragment was verified by Southern hybridization 
restriction mapping and DNA sequencing. 

[0123] Mutations in the 290 base pair Sall-Hindlll fragment were introduced using 5-phosphorylated synthetic 
5 mutagens oligonucleotide primers as described for t-PA above (see Figure 8). The sequences of the two mutagenic 
primers employed to construct these PAI-1 mutants were: 

p AI-1 (E 350 ->R) : 5' TGATGATCTCTCTTGGGGC 3' 
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PAI-1 (E 351 ->R) : 5* CCATGATGATTCTCTCGGGG 3* 



The sequences of the resulting mutant Sall-Hindlll fragments of PAI-1 DNA were completely determined. The doubled- 
stranded replicative form of the DNAs of proven mutants was then isolated and the mutated 290 base pair Sall-Hindlll 
fragments were isolated by Sall-Hindlll digestion and electrophoresis through 6.0% (w/v) non-denaturing polyacryla- 

I!?? It' , nSJ?? ^ ^ u e, ° W ' th9Se fra 9 ments ' staining mutations, were then used to reconstruct versions 
of the PAI-1 cDNA that encoded the PAI-1 mutants of interest. 

D - Constructi on of Expression Vectors for Mutant PAI-1's 

i 

[0124] Mutants of PAI-1 in plasmid P PAIST7HS (a derivative of plasmid pPAIST7 lacking the Hindlll site at nude- 

, „ u* * I nucleolide 2106 ' which wa * constructed to facilitate the exchange of mutated Sail 

to Hmdlll fragments ,n the PAI-1 cDNA coding sequences, (see Rgure 8) were constructed as follows- 

[0125] The central 290 base pair Sail to Hindlll fragment of the PAI-1 cDNA was removed from plasmid pPAIST7HS 

^ 9 nlT Hind '" and by 1 ° % (Wv) a9arose 9 el electrophoresis. The remaining linear-fragment of the 

vector DNA was then ligated to the mutant versions of the 290 base pair Sail to Hindlll fragment described above which 

l^JLTJ* r,^ oli 9° nucleolide -directed mutagenesis (see Rgure 8). The resulting plasmids were designated 
pPAIST7HS(E 350 ->R) and pPAIST7HS(E 351 ->R). 

lnl 2 !U M^ Strain DH " 1 < Hanahan ' D etal - DNA Cloning Volume 1, Ed. Glover, DM, I.R.L. Press, Oxford, pages 
pa".It 7 u™ i was D 1r t ns,ormed with the ™tant plasmids and the resulting strains were designated 

K2 r £ ^ PAIST7HS ( E 350->R) [DH-1]; andpPAIST7HS(E 351 ->R) [DH-1]. respective.y. E sgji strain TG-1 
(G,bson, T Thesis, Un.vers.ty of Cambridge, England (1984)) was transformed with the above mutant plasmids and the 
resulting s rai^is were designated pPAIST7HS [TG-1]; pPAIST7HS(E 350 ->R) [TG-1]; and pPAIST7HS(E 351 ->R) [TG-1] 
respectively. The presence of the correct fragment was confirmed by hybridization to the appropriate radiolabeled muta- 
genic oligonucleotide and by nucleic acid sequencing. 

r I 271 r f !' ST7H f (E ^ R) fDH " 1]: " ,d P PA 'ST7HS(E 351 ->R) [DH-1] have been deposited at the American Type 
Culture Collection under ATCC Nos. 68155 and 68156, respectively. 

E - Expression. Extraction, a nd Assay of Wild-Type and Mutant PAMs 

[0128] E call strains pPAIST7HS [TG-1]. pPAIST7HS(E 350 ->R) [TG-1]. and pPAIST7HS(E 351 ->R) [TG-1] were 
9r °r °HT g 3t 3? ° C Luria - Bertani brottl to saturating density. 50 pi of culture were used to inoculate 50 ml of 
modrf.ed MO medium (pH 7.4) containing, per liter, 6.0 g of Na 2 HP0 4 , 3.0 g of KH 2 P0 4 , 0.5 g of NaCI. 0.5 g of 

, " i i° f NH<,C1, 5 0 9 °' casamino acid * 10.0 g of glucose, 10.0 ml of glycerol. 1.0 mg of thiamine-HCI 
and 25 mg of amp.cHlin. Bacterial cultures were grown for 22 hours at 37»C in 250 ml Ehrlenmeyer flasks. Cell extracts 
were prepared from cultures as follows. 

[01 29] £. cgU were pelleted by centrifugaBon. washed in 20 ml of cold 50 mM Tris-HCI (pH 8.0) and 1 0 mM EDTA 
by cenfofugat.on, and resuspended in 3.6 ml of the same buffer on ice. Extraction was accomplished by the addition of 
k, m ™ L m9 Pef m ' 0< lyS02 y me for 20 minutes ^ 01 ml Ol 10% (v/v) Nonidet P-40 for 10 minutes, and 0.2 ml of 5 0 
™ aC] for 1 0 m,nutes - 7)16 cells wera briefly disrupted using the microtip of a sonifier/cell disrupter at 50% duty cycle 
T.^ 9 7 (B , ranson Son,c Power Company) to reduce the viscosity before centrifugation at 1 5.000 x g for 30 minutes 
at 4 C. Glycerol was added to the clarified bacterial lysates to a concentration of 1 0% (v/v) and the extracts containing 
PAI-1 were stored at -80"C in aliquots until used. 

[01 30] Extracts were titrated for active PAI-1 by incubation for 3 hours at 24-C with urokinase as described above 

!L *ol 6 m rB Sf « ma T a ' ian Ce " S - Ex1ractsof wild -«yP e PA| - 1 - PAI-1(E 350 ->R), and PAI-1 (E 35r >R) contained 803 
nM, 593 nM, and 162 nM of active PAI-1, respectively. 

[0131] Kinetic measurements on the rate of interaction of wild-type and mutant t-PAs with wild-type and mutant PAI- 
U ! were performed at 24«C in 0.1 M Tris-HCI buffer (pH 7.4) containing 0.1 mM EDTA and 0.1% (v/v) Tween 20 The 
indirect chromogenic assay for t-PA described above was used to determine the residual enzyme activity remaining as 
a function of t'^Under pseudo-first order conditions for an excess of PAI-1 over t-PA, the half-life (t 1/2 ) was deter- 
mined for each inhibitor concentration from the slope of a linear semi-logarithmic plot of residual t-PA activity versus 
Sconced Kl ' *** th6n Ca ' CUlated by dividi " 9 the a PP ara ™ rate constant (k w = 0.693/t 1fi ) by the inhib- 

[0132] The rate of inhibition of 60 pM t-PA was studied under pseudo-first order conditions using inhibitor concen- 
trations ranging from 0.6 to 100 nM. The t-PA-PAI-1 mixes were preincubated in microliter plate wells at 24°C for various 
time periods from 0 to 30 minutes) before the addition of a mixture of Lys-plasminogen. Spectrozyme PL, and Des-A- 
f.br.nogen to final concentrations of 300 nM, 0.4 nM, and 12.5 ng/ml. respectively. After the addition of substrates the 
microliter plates were incubated at 37»C and the absorbance at 405 nm was monitored for 2 hours to determine the 
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residual t-PA activity. 

[0133] The approximate rate constants of inhibition (fvrV 1 ) of wild-type and mutant t-PAs by wild-type and mutant 
PAI-1s are given in Table XIII below. H 



Table XIII 





wild-type t-PA 


t-PA(R 304 ->S) 


T-PA(R 304 -E) 


wild-type PAI-1 


1 x 10 6 


3 x 10 5 


1 x 10 4 


PAM(E 350 ->R) 


1 x 10 6 


1 x 10 6 


1 x 10 6 


PAI-1 (E 351 ->R) 


3 x 10 5 


1 x 10 s 


1 x 10 5 



■°* 134 L ^-f^J" TablB Xl " ab0VG ' b0th PAM < E 350->R> and PAM(E 351 ->R) show increased rate constants of 
interaction with t-PA(R 304 ->E) in comparison to wild-type PAI-1 , proving that the mutations have restored the ability of 
PAI-1 to inhibit the serine protease inhibitor-resistant t-PA(R 304 ->E). 

[0135] While this invention has been described in detail and with reference to specific embodiments thereof it will 
be apparent to one skilled in the art that various changes and modifications could be made therein without departing 
from the spirit and scope thereof. 



Claims 
1. 



or neu- 



2. 
3. 



A t-PA mutant which is resistant to inhibition by its cognate inhibitor, wherein said t-PA mutant has an acidic 
tral amino acid substitution at the basic amino acid corresponding to position 304 of t-PA. 

The t-PA mutant as claimed in claim 1 , wherein said t-PA mutant is t-PA(R 304 -»S) or t-PA(R 304 ->E). 

The t-PA mutant as claimed in claim 1 or claim 2, wherein said cognate inhibitor is selected from the group consist- 
ing of PAI-1 , PAI-2 and PAI-3. 



4. A t-PA mutant which is resistant to inhibition by its cognate inhibitor, wherein said t-PA mutant is t-PA(Del 296 . 302 ), 

5. A gene encoding a t-PA mutant which is resistant to inhibition by its cognate inhibitor, wherein said t-PA mutant has 
an acidic or neutral amino acid substitution at the basic amino acid corresponding to position 304 of t-PA. 

6. The gene as claimed in claim 5, wherein said t-PA mutant is t-PA(R 304 ->S) or t-PA(R 304 -*E). 

? " PA? ? FAI 2 S and a" 5 ^ ^ Wh6re ' n ^ C ° 9nat6 ' nh ' bitor is seIected from tne 9 r °up consisting of 

a . A D A e £ e , enCOd ' ng a t_PA mutant which is resis, ant to inhibition by its cognate inhibitor, wherein said t-PA mutant is 
t-PA(Del 2 9 6 . 302 ). 

9. A method for obtaining a t-PA mutant which is resistant to inhibition by its cognate inhibitor comprising: 

(A) culturing a host cell which has been transformed with DNA comprising a gene encoding said t-PA mutant, 
wherein said t-PA mutant has an acidic or neutral amino acid substitution at the basic amino acid correspond- 
ing to position 304 of t-PA; and 

(B) isolating the resulting t-PA mutant. 

10. The method as claimed in claim 9, wherein said t-PA mutant is t-PA(R 304 -»S) or t-PA(R 304 ->E). 

11 " 7 ! 1 l ni ! th ^ d aS ° laimed in daim 9 ° r daim 10 ' wherein ^ c °9 nate innibrtor is elected from the group consisting 
of PAI-1, PAI-2 and PAI-3. a 



12. A method for obtaining a t-PA mutant which is resistant to inhibition by its cognate inhibitor 



comprising: 
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(A) culturing a host cell which has been transformed with DNA comprising a gene encoding said t-PA mutant 
wherein said t-PA mutant is t-PA (Del 296 _3 02 ); and 

(B) isolating the resulting t-PA mutant. 

13. Plasmid pSVT7(Rr)/t-PA(R 304 -S) or plasmid pSVT7(R\A)/t-PA(R 304 ^E) or plasmid pSVT7(R\r)/t-PA(Del 296 . 302 ). 

14. pSVT7(RI7t-PA(R 304 ->S)[DH-1] having the identifying characteristics of ATCC No. 67894 or pSVT7(RI )/t- 
PA(R 304 ->E)[DH-1] having the identifying characteristics of ATCC No. 67896 or pSvT7(Rr)A-PA(Deloo fi ™ 5 )rDH-11 
having the identifying characteristics of ATCC No. 67895. 

15. A t-PA mutant which is resistant to inhibition by its cognate inhibitor wherein in said t-PA mutant is t-PA (R?o ft -*E) 
t-PA(R 299 ^E) or t-PA (K 296 , R 29B , R 299 ->E,E,E). 298 
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Flgurt 1 



IVGGYTCGAN TVPYQVSLNS GYH FCGGSLIMSQ 

296 302 

xPA LT .CHAIN IKGGLFADIA 5HPWQAAIFA KHRRSPGERF LCGGILISSC 

UROKINASE IGGEFTTIEN Q.PWFAAIYR RHRGGS.VTY VCGGSLMSPC 

WGGCVAHPH SWPWQVSLRT RFGMH FCGGTLISPE 

DQEDQVDPRL IDGKMTRRGD S.PWQWLLD SKKKL ACGAVLIHPS 

THROMBIN XVEGODAEVG LSPWOVMLFR . . , .K5PQEL LC^Sr 



TRYPSIN 



PIASMIN 
PROTEIN C 



37 

TRYPSIN WWSAAHCYK 

322 

TP A LT. CHAIN HXLSAAHCFQ 
UROKINASE WVISATHCFI 
PLASMIN WVLTAAHCLE 
PROTEIN C WVLTAAHCMD 
THROMBIN WVLTAAHCLL 



S GIQV RLGEDNTNW 



TRYPSIN 

TPA LT. CHAIN 
UROKINASE 
PLASMIN 
PROTEIN C 
THROMBIN 



ERFPPHHLTV 
DYPKKEDYIV 
KSPRPSSYKV 
ESKKXL. . .V 
YPPWDK. . .N 

102 



ILGR.TYRW 
YLGR . SRLNS 
ILGA.HQEVN 
RLGEYDLRRW 
FTVDDLLVRI 



EG . NEOFISA 

350 
PGEEEQKFEV 
NTQGEMKFEV 
LEP HVQE IE V 
EKWEL.DLDI 
GKHSRTRYER 



SKSIVH 

EKYIVHK. . . 
ENLILHK. - . 

SRLFL 

KEVFVH .... 
KVEXISMLDK 



PSYNS NTLNNDIMLI KXXSA ASLNSRVASI SLPTSCASAG 



371 



400 



"*"^ffS2 ?H^5^ L QLKSDSSRCA QESSV.VRTV CLPPADLQLP 

DYSADT LAHHNDIALL KIRSKEGRCA QPSRT.IQTI CXPSMYNDPQ 

EPTRXDIALL KLSSP AVI TDKVTP A CIPSPNYWA 

. . . . .PNYSK STTDNOIALL HIAQP ATLSQTIVPI CLPDSGIAER 

IYIHPRYNWK EKLDRDIALL KLKRP IELSDYIHPV CLPDKQTAAK 



TRYPSIN TQCX ISGWGNTKSS 

TPA LT. CHAIN DH....TECE LSGYGKBEAL 

UROKINASE FG TSCE ITGFGKENST 

PIASMIN DR .... TECF ITGWGETQGT 

PROTEIN C EX»0AGQETL VTGWGYHSSR 

THROMBIN LLH.AGFKGR VTGWGNRRET 



150 
GT. SYPDVLK 
SP . FYSERLK 
DY.LYPEQLK 
. . .FGAGLLK 
E.KEAKRNRT 
WTTSVAEVQP 



CLKAPILSDS 
EAHVRLYPSS 
MTWKLISHR 
EAQLPVXEKK 
FVLNFIKIPV 
SVLQWNLPL 



TRYPSIN 

TPA LT. 
UROKINASE 
PLASMIN 
PROTEIN C 
THROMBIN 



TRYPSIN 



195 200 

, . , ITSNMFC AGYL . EGG KD5COGD SGGPWCS 

450 478 

CHAIN T. .VTDNMLC AGDTRSGGPQ ANLHDACQGD SGGPLVCLND 

E. .VTTKMLC AAD PQ .NKTDSCOGD SGCPLVCSLQ 

R. .VQSTEXC AGHL ATDSCQGD SGGPLVCFEK 

SNMVSENMLC AGIL GDRQDACEGD SGGPMVASFH 

RIRITDNMFC AGYK...PGE GKRGDACEGD SGGPFVMKSP 



SCKSAYPGQ. 

RCTSQHLLNR 

ECQQPHYYGS 

VCNRYEFLNG 

VPHNECSEVM 

VERPVCKAST 



.... GKLQGl 

. . GRMTLVGI 
. . GRMTLTGI 
. . DKYILQGV 
. . GTWFLVGI* 
YNNRWYQMGI 



214 



VSWGSGCAQK 
500 

TPA LT. CHAIN ISWGLGCGQK 
UROKINASE VSWGRGCALK 
PULSMIN TSUGLGCARP 
PROTEIN C VSWGEGCGLL 
THROMBIN VSWGEGCDRD 



NKPGVYTKVC 

DVPGVYTKVT 
DKPGVYTRVS 
NKPGVYVRVS 
BNYGVYTKVS 
GKYGFYTHVF 



245 

NYVSWIKQTI ASN . 

527 

NYLDWIRDNM RP 

HFLPWIRSHT KEENGLAL. . 

RFVTWIEGVM RNN 

RYLDWIBGHI RDKEAPQKSK AP 
RLKKWIQKVI DRLGS 
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figure 2 
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AiHxis«s6 iOSSS S5SBS 



FAX-1 

Antitrypsin 
PAI-2 

A-chysotryp 
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A- thrombin 
BsparinCoXX 

Clinhibltor 

pa i -a 

Antitrypsin 

PAX -2 

A-chyaotryp 
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A-thromblll 
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Clinhibltor 



PAI-1 

Antitrypsin 

PAI-2 

A-ehymotryp 
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A-throabXXX 
Bsparincoix 

Clinhibltor 



PAI-1 

Antitrypsin 
PAI-2 

A-chymotryp 
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A-throabXZi 
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Clinhibltor 

PAI-1 

Antitrypsin 
PAX -2 

A-chymotryp 
A2-«ntiplftt 
A-thronbxxx 
BspsrlnColl 

Clinhibltor 



VHHPPSV 
• KDPQGO 

1 



HQS 

CHC5PV DXCTAJtPHOI 

ADFHKENTVT NDWXFEGEED DDYLDLEKXF 
N5ATKITAOT TDEWTQPTT EFTTQPTIOP 

VAHLA SDPCVJl 

AAQXTDTS8B DQDHPTFNKX TP H LAX FAT 8 



• NSPLD 

QV5PLTLLKL GNQEPGGQTA 
PKNPHCXYXUI FEXKATEDXG 
8EDDDYX0XV P8LSV8PTP8 
TQFTTQLFTD 8PTQPTTG5F 



EENLTQENQD 
LKSPPGVCSIl 
• • • . SEQXIP 
OV5ACMILQL 
CFGFVTLC8D 



• . .MEDLCVA 
XGTHVDLGLA 
DPTHOTHftX 
EATNMVMEL 
FBGXSXIQIX 
LS8B8TBAVL 

50 



NTLFALNI.PK 
SANV.DPAF8 
AftAHKAPTAO 
8XANSXFATT 
HXLNAKFAFM 
GOALVDP8X.K 



VFQQVAO.AS 
LYRQLAH . QS 

HLAK. A8PTQ 
LYXOLVL.XA 
LF8LVAQ.T8 
FY08LAD8XN 
LYXVLXDQVH 
LYHAFSAJIKX 



xdxkwfspy 

N8THXPPSPV 

50 

NLPX.8PWSI8 
LDXNVXF5PL 
TCPHLILSPL 
DHDNXf LSFL 
TFONXFIAPV 
VXTNHAFSPF 



GVASVLAMLQ LTTGOETQQQ XOAAIIGFXID 0 
8IATAPAHL8 LGTXADTHDE ILEGLHFNLT E 



5?2£?J75?! fS?I522?i5 TO™***" AVTPKTPEHF TSCGFHQQXQ 
SXSTALAPLS LGAHNTTLTE XLXA888PBG D 

8VALAL8BLA LGAQNHTLQX LQQVLBAG8G P... . 

8I8TAPAHTX LGACHDTLQQ UtEVPKFDTX 8EXT5DQIHF ^ !I " * * ! * " 

GXSTAHGHX8 LGLKGETBEQ VB8XLHPKDP VH 

EIASLLTQVL LGAGQHTKTH LEEXL8YPKD FTCVBOAXXG T*. 



• BGB APAXJLRLYXX UtGPMCXDE, 

IPEAQX HEGFQELUtT LKQFDXQW. 

100 

KG5YFDAXLQ AQAADKXB88 PB8L88AZKA XTGDYL. LBS 

U8QV TQ8PQBLRAP 8X888DELQ. 

CLPHLtXX LCQDLGPGA* 

FFAXLHCB LYWCANXSIX 

■•• A83XYEITTI BNLFXX1THB LFJUtHFGYT. 

TTKG 



100 

Z8TTOAIPVQ 
LTTOGGLPLS 

VHKLFGEK3A 
L8HGHAKFVK 
rttAAJWYLQ 
LVSAHKLPGO 
LB5VHDLYIQ 
VTSVSQXrBS 



RDLXLVQGFB 
ECLELVDXFL 

SFREETIXLC 
EQL8LLDXFT 
XGFFXXEOFL 
K5LTPNETYQ 
RQPPXLLOPK 
FDLAXMTFV 



PBFFBLPX8T 



QKTY8BEPQA 
EDAKHLYG8X 
E08EOLPGAX 
DXSELVYGAK 
TXVXEYYFAX 
NA8XTLY3SS 



VKQV0F8E.V 
A7TVKFGD.T 
• 150 
VDFLECAEEA 
APATDFQO. 8 
• . PVSLTGKQ 
LQPtOPKENA 
AQXADP8D • • 
PHVLSHNS. . 



ElAHFIXNWf VXTBTKGHXS 
KSArrOIOTY VEEGTOnvrv 



fcKKXMSWVXT 
AAAKKX.XNDY 
EDOLAKIHOU 
EQ8RAAINKW 
PAFX8ETNNB 
DAMLELXHTW 



QTKGEXPNLL 
VKKGTBGKXT 
VRKATEGXXQ 
V8BETEGXIT 
XKKtYKGLXR 
VAKMTNNRXS 
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F igure 2 gait. 



ISO 

PAZ-1 NLLGEGAVDQ LTRLVLVNAL 

Antitrypsin dlv . . keldr dtvfaxvnyx 



PAZ -2 

A-chynotryp 
A2-antiplas 
A-thronbxII 
BaparinCoZX 

Clinhibltor 



FEGSVDGDTB 
DLL . RDPDS 
ZTLS . . CLPE 
DVXFSEAXNE 
DALE . , HIDF 
RLLD . . SLP5 



KVLVHAVYFR 
QTHHVLVHYI 
DTVLLLLNAI 
LTVLVLVNTI 
ATQKKILNCI 
DTRLVLLNAI 



YFNGQHKTFF 
FFRGRVXRPF 

GKBKTFFEKX 
FPKAKVEHPP 
HFQGFKRNRF 
YFRGLWRSRF 
YTKG8HVNRF 
TLSKtMHTtr 



POSSTHRRLF 
EVKDTEEEDF 
200 

LNGLYPFRVN 
DP0DTB08KP 
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Figure 6 
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Figure 7 
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